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.ANNUAL REPORTS 


ON THE 

PEOGRESS OF CHEMISTRY. 


GENERAL AND PHYSICAL CHEMISTRY. 

The continuance of war conditions has led to a further diminution 
in the volume of j^uhlished research, and until comparatively late in 
the year it seemed to the writer doubtful whether the record of 
progress would warrant the publication of a full Report. To a very 
considerable extent, the pages of German journals dealing with 
physical chemistry and physics have served to record the work of 
investigators belonging to neutral countries, the contributions made 
by Germans being relatively very small in comparison with normal 
times. The Zeitschrift fur ph^sikalische Ghemie^ the first issue of 
which marked the beginning of a new era in the development of 
physical chemistry, has now ceased to appear, the reason advanced 
for its suspension being that suitable paper can no longer be 
obtained. 

Atomic Weights. 

The sources of error involved in the accurate determination of 
combining ratios have been discussed in a series of papers ^ pub- 
lished during the past two years. In the last of these publica- 
tions ^ it is of interest to find that much of the recent work on 
combining ratios affords confirmation of the view, first expressed 
by G. D. Hinrichs,^ that the combining ratio is a function of the 
quantity of substance employed in the determination. The explana- 
tion of this anomaly, which was put forward by Hinrichs, is not, 
however, accepted by the authors, who point out that the anomaly 

Compare Ann. Report, 1916, 36. 

3 P. A. Guye and E. Moles, J. Chim. phys., 1917, 15 , 360, 405. 

3 Compt. rend. 1893, 115 , 1074; A, 1893, ii, 163; ibid., 1893, 116 , 753; 
A, 1893, ii, 316 ; ibid., 1894, 118 , 528 ; A., 1894, ii, 276. 
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2 ANNUAL REPORTS ON THE PROGRESS OF CHExMISTRY. 

is only to be foiind in the results of series of determinations, in 
which the substances have been v;eighed in air in the usual way, 
reduction to a vacuinn being effected by calculation. This suggests 
that the apparent variation of the combining ratio with the quan- 
tity of substance is due to the condensation of air, water, etc..^^n 
the surface of the solid substances, and in support of this explana- 
tion it is found that the various types of curves, which express the 
relation between the combining ratio and the quantity of substance 
operated on, can all be accounted for on the assumption that con- 
densation films give lise to errors in weighing. 

Isotopes. 

Although the view that isotopes cannot be separated from one 
another by chemical means has met with fairly general acceptance, 
this question has been submitted to further investigation.^ The 
nitrate obtained from carnotite lead, containing one part of ordin- 
ary lead, three parts of radiuin-G^, and a trace of radium-.^, was 
submitted to fractional crystallisation more “Llian a thousand times. 
A determination of the atomic weight of the metal in the least and 
most soluble fractions gave numbers agreeing within 0-006 per cent., 
which is well within the limits of the possible experimental error. 
The ^-ray activity of the two fractions was also found to be identical 
within the limits of the experimental error of 1 per cent. From 
these observations it is inferred that the molecular solubilities of 
the nitrates of the isotopes are identical, and further evidence is 
thus obtained in support of the view that isotopes cannot be 
separated by crystallisation jirocesses. 

According to Soddy,*^ the question of the separability of isotopes 
is not to be judged by any one particular line of evidence, whether 
this consist in the proof that each radio-element has an isotope to 
which it is more closely allied than to any of the other elements, or 
of experiments in which a given pair of isotopes has been submitted 
to the same operation a very large number of times or to different 
operations corresponding with possible modes of separation, but by 
the agreement of the results given by all three methods of inquiry. 

If the molecular solubilities of the salts of isotopic elements are 
identical, then, since the molecular weights are different, it follows 
that the solubilities, expressed in grams per litre, and the densities 
of the saturated solutions ought to show slight differences. Measure- 
ment 6 of the densities of saturated solutions of the nitrates pre- 

^ T. W. Richards and K F. HaU, J. Amer. Ohem. Soo., 1917, 39. 531 ■ 
A., ii, 230. 

F. Soddy, ibid., 1614; A., ii, 437. 

'' K. Fajans and J. Fischler, Zeitsch. aiwrg. Ohem., 1916, 95, 284 ; A., ii, 472. 
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pared from ordinary lead of atomic weight 207'lo, and from carno- 
tite lead wdth an atomic weight of 206*59, has shown that there is 
an appreciable difference, the density of ordinary lead nitrate solu- 
tion being the greater. Assuming that the molecular volumes of 
tlle^ isotopes are identical, and that the change of volume in the 
formation of the saturated solutions is the same for both, it would 
seem that the difference in the densities of saturated solutions of 
salts of isotopic elements may be utilised for the determination of 
the relative atomic weights of the isotopes. The difference between 
the 'densities should %>ear the same ratio to the mean density as the 
difference of the atomic weights to the mean atomic weight. Ex- 
periments made with the nitrates of ordinary, carnotite, and 
pitchblende lead have, indeed, given results which appear to justify 
the application of the method. 

The view that the X-ray spectra of isotopes are identical finds 
confirmation in the observation ^ that the wave-lengths of the lines 
in the L series and also of the a and ^ lines in the 21 series of lead 
and radium-(? agree to witkin 0*0001 x 10“® cm. 

Atomic Structure. 

Our knowledge of atomic structure has made but little progress 
during the year under review. A further interesting contribution ^ 
has, however, been made by W. D. Harkins to his series of papers 
0 1 the evolution of the elements and on the nature of the periodicity 
which is conditioned by the evolutionary process. 

The assumption that the elements are derived from hydrogen by 
a process, in w'hich the formation of helium nuclei repi’esents a 
primary and distinct stage in the process of agglomeration, leads 
to the view that the elements should fall into twO' series, one of 
these beginning with helium and containing elements of even atomic 
number, the other beginning with lithium and containing elements 
of odd atomic number. Two such series are actually distinguishable 
in the group of radio-elements, and further evidence of this dual 
periodicity is afforded by the numbers which express the relative 
abundance of the different elements. Whether the relative abund- 
ance in the earth's crust, in meteorites, or in the lithosphere is con- 
sidered, it appears that the even-numbered elements occur in much 
greater quantity. If the elements are plotted in the order of their 
atomic numbers, the even-numbered elements are in all cases mucli 

’’ K. Fajans and M. Lembert, Zeitsch. anorg. Ohem., 1916, 95 , 297 A., 

472. 

® M. Siegbahn and W. Stenstrdm, Gonipt. rend., 1917, 165, 428 ; A., li, 524. 

9 W. D. Harkins, J. Amer. Ghem. Soc., 1917, 39 , 856 ; A., ii, 303. 

Compare Ann. Report, 1916, 2, 263, 254. 
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(finore abundant than the adjacent odd-numbered elements. Further- 
more, if the elements are arranged in the order of their abundance, 
the first seven elements are all even-numbered. 

It is natural to suppose that the abundance will bear some rela- 
tion to the stability of the atomic nucleus, and that the stabikty 
will depend on the structure of the nucleus. IJence the above facts 
seem to favour the idea of a dual periodicity as -predicted, by the 
hydrogen-lielium structural hypothesis. Such periodicity is, of 
course, independent of the periodicity which characterises the ordin- 
ary periodic table, and this is at once intelligible wli^n it is remem- 
bered that the physical and chemical properties of the elements 
are for the most part determined by the number of *the external 
electrons, which is not affected by the internal structure of the 
nucleus. 

According to jST. F. Hall,ii the number of known isotopes in a 
pleiad and the character of the predominant radiation also show a 
periodic variation which is in accord with the hypothesis that the 
heavier atoms represent conglomerations of hydrogen and helium 
nuclei. The isotopes of even-numbered elements are more numerous 
than those of odd-numbered elements, and the former show a tend- 
ency to emit a- rather than j8-rays on disintegration. 

On theoretical grounds it is probable that there is some connexion 
between the atomic number N and the atomic frequency v. Accord- 
ing to H. S. Allen, 12 this relation can be expressed in the form 
Nv — nv^, in which n is an integer and v,, a fundamental frequency, 
characteristic of, and common to all atoms. The same formula is 
also said to represent the relation between the atomic number and 
the frequency, which, according to the quantum theory, corre- 
sponds with the energy required to liberate an electron from the 
atom, 13 the only difference being that the fundamental electronic 
frequency v has the value 3’29 x IQi® (sec-i), whereas the funda- 
mental atomic frequency Vj is equal to 21'3x 10i2(sec-i). 

The ionisation potential of helium, calculated on the basis of 
Bohr's theory, is 29‘3 volts, whereas experiment has given an appre- 
ciably lower value. As a result of a redetermination, i^ in which vari- 
ous possible sources of error have been avoided, it seems now to be 
definitely established that the ionising potential is in the neighbour- 
hood of, and not greater than, 20 volts. In view of the considerable 
discrepancy, it would seem that the mechanism of the ionisation 
process is different from that which has been previously assumed. 

N. F. Hall, J. Amer. Ghem. Soc., 1917, 39 , 1616 ; A., ii, 438. 

Phil, Mag., 1917, [vi], 34 , 478. 

13 Ibid., 488. 

1* C, B, Bazzoni, ibid., 1916, [vi], 32 , 566 ; A., ii, 63. 



GENERAL AND PHYSICAL CHEMISTRY. 


According to Debyed^ the frequencies of the K series of lines in 
the high frequency spectra of elements between sodium (atomic 
number 11) and neodymium (atomic number 60) exhibit relations 
which suggest that the atoms of all these elements have three elec- 
trcTns in the innermost ring. The elements of low atomic number 
have, however, a different constitution. 

Emission Spectra. 

The question of tke nature of the Balmer series of hvdrogen lines 
has not hitherto received a definite answer. It has been suggested 
by Sommerreld that it is due to the superposition of diffuse, sharp, 
and principal series, but recent measurements of the separation 
of the pairs of lines which constitute and afford no support 
for this view. On the other hand, the observed wave-length differ- 
ences are quite consistent with the hypothesis that the lines in 
question are principal series lines. 

By a method essentially ihe same as that previously used in the 
determination of the distribution of intensity in broadened spectral 
lines, the same authors have investigated the relative intensities 
of hydrogen and helium lines when the spectra are produced under 
different conditions. The results show clearly that the relative 
intenaties of the lines in a particular series depend on the condi- 
tions of the electrical discharge, a,nd that under conditions in which 
there is a transfer of energy from the longer to the shorter wave- 
lengths in a given series there is a concomitant transference of 
energy from one series to another, in the sense that the associated 
series, and more particularly the diffuse series, are relatively en- 
hanced at the expense of the principal series. Such changes in the 
distribution of the line intensities are of particular interest in their 
bearing on the spectra of celestial bodies, and it has been found that 
the distribution which is characteristic of some of these stellar 
radiators can be approximately reproduced under laboratory con- 
ditions. 

The discovery of a method which permits of observations being 
made in the ultra-violet region beyond the limit reached by Schu- 
mann and by Lyman must be ranked as a highly important develop- 
ment in the investigation of emission spectra. By this method it 
has been possible to determine^® the most rapid vibrations which are 

P. Debye, Physikal. Zeitsch., 1917, 18 , 276 ; A., ii, 434. 

T. R. Merton and J. W. Nicholson, Phil. Trans., 1917, [A], 217 , 237 ; 
A., ii, 433. 

Phil. Trans., 1916, [A], 216 , 469 ; A., 1916, ii, 461. 

1® O. W. Richardson and C. B. Bazzoni, Phil. Mag., 1917, [vij, 34, 285; 
A., ii, 521. 
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emitted by helium, hydrogen, and mercury. Although the limits 
of the spectra could not be fixed with any great degree of accuracy, 
the results indicate that the limiting frequencies are in approximate 
agreement with those calculated from the ionisation potentials based 
on Bohr’s theory, and not with the potentials found in the experi- 
ments of Franck and Hertz. 


Crystal Structure and the Molecidar Hypothesis. 

The interference effects observed when crystalline‘s substances are 
examined by means of A'-rays according to the inethcrds of W. H. 
and W. L. Bragg have led to views on the structure of crystals 
which, to some chemists, appear to be incompatible with the ordin- 
ary molecular hypothesis as applied to solid substances. It is natural 
that conclusions which would seem to involve the idea that mole- 
cules have no real existence in one of the three states of aggrega- 
tion should have attracted the attention of the chemist, and, in 
point of fact, the matter has been the subject of much discussion. 

It is not merely a question of the individuality of molecules in the 
crystalline state, but questions of valency, of chemical affinity, of 
intra-molecular as distinguished from inter-molecular forces, , are 
obviously involved. 

If we except the evidence afforded by partition phenomena in 
the formation of solid solutions, there is, it is true, no method 
which permits of the determination of molecular weights in the 
solid state. In this respect our knowledge of solids stands on 
quite a different plane from that of gases and possibly of liquids, in 
that the Avogadro hypothesis is generally accepted as affording a 
general method for the determination of molecular magnitudes in 
the gaseous state and also in dilute solutions. Even w'hen this differ- 
ence is recognised, and it is admitted that there is no clear evidence 
of any continuity in the transition from the fluid to the crystalline 
state in any circumstances, yet many chemists will hesitate to accept 
the view that this transition involves such an apparently funda- 
mental change as the obliteration of the molecule, unless the evi- 
dence in its favour is of the strongest possible kind. For the 
present, the evidence consists in the structural relations which seem 
to follow from the rational interjrretation of A-ray interference 
effects, and one of the interesting problems of the future will be to 
reconcile the X-ray crystal models with the molecular hypothesis. 
It is, of course, not by any means universally admitted that there 
is any real discrepancy, but the majority of chemists undoubtedly 
incline towards this view. 

The X-ray crystal models are criticised by A. Smits and F. E. C, 
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Schefiei,''*^ who conteiic! That the models ought to difieieiuiate 
hetv7€en tho=:e atom'? which are chemically eoaihined in the same 
molecule and those which aie con-til ueuts of different molecules, 
although it IS admiTtecl that the distance^ betw’eeu the molecules 
aiv smallei than the iiioleevlai diametei and that the distances 
between atoms which belong to diffeieut molecules aie not much 
gieatei than tho^e between atoms ir the same molecule The 
models aie also said to conflict with the idea that chemical attrac- 
tion IS localised in centies the numher of which is determined by 
the valency o"^ ■‘■lie atom 

Similai view’s aie expiessed by A Fock-*’ J Beckenkamp and 
J Stark -- Fiom considerations based on electro-ainnity, the 
last-named considei- it impossible for intra-moiecnlar linkings to 
he destioyed in the ciystalhne state Structural models in w’hich 
the individuality of the molecules i= retained are put foiward by 
the above-nientioned authors, and it is claimed that these are 
equally consistent wnth the A-ra}' interference effects which are 
shown by the substances i» the eiystalline condition 

According to I T.angniuii,23 the compound substances for which 
atomic riode> have been set tip are not to be considered as typical, 
for they aie all polai compounds in which the atoms are linked 
together by residual valencies In such compounds, it must be 
supposed that the entire ciystal represents a single molecule 
F Rinne-^ maintains that the puiely atomic conception of 
ciystal stincture is untenable and contends that structural 
groups of atoms aie clearly drscermble rn certain cases, although 
the number of molecule^ contained within the unit space-lattice 
bears no relation to the real molecular complexity of the substance 
A similar view' is put forward by P Pfeiffer,-® wdro. in applying 
the theoiy of valency and the i tiles of co-oidination to vaiious 
substances which have been examined by the A-ray method, 
derives molecular foimulge tor various sirb'^tai-'ces in the crystalline 
state In this connexion, it is pointed out that, at the p^resent 
time, diamond is the only eiystalline substance foi which the 
A-iay structure is in agreement wnth the accepted \alency of the 
con-titiient atoms 


1'’ Pror' K Akao Weteu^u A^i.'Sfcioniv, l{Uu, 19 432 _i ji, 7S 
Ce-dj M^n 1916, 392 , .4 u, 129 
Ihvi , 1917 97 , .4 , ii, 296 
-- Jahio Radioaktu EUkUorak, 1915, 12 230 
■3 J. .4/116? CAez/i 5oc , 1916. 38 2221 , .4 , u 19 
Ze.utsch arMrg Cheia , 1916, 96, 317 , .1 ii, 18 
25 Ibid , 1915, 92, 376 , .4 , 1916, ii, 238 , obtd , 1916, 97, 161 , 4 , 
11, 78 
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The results obtained by L. Vegard in the investigation of the 
closely related members of the tetragonal group comprising'- zircon, 
rutile, cassiterite, xenotime, and anatase also suggest that mole- 
cular groupings are discernible in the crystal structure. The 
structures assigned to zircon, rutile, cassiterite, and xenotime 
correspond with the molecular formulae Zr02,Si0.2, (TiO,)^, 

(Sn02)2, and YOgjPOo respectively. These formulae appear to 
involve the assumption that change of state may involve a change 
in structure, for it cannot be denied that the representation of 
xenotime as a phosphate of the formula yPP 4 is supported .by 
evidence of considerable weight. 

The application of X-ray methods of analysis to mixed crystals 
would seem to indicate, that the interpenetration of the components 
is of a very intimate kind. Observations made by Bragg’s method 
on mixed crystals containing potassium chloride and bromide, and 
on crystals containing potassium and ammonium bromides, show 
that the reflection maxima from the cube and dodecahedron faces 
are of normal type and intermediate in ^position compared with the 
maxima exhibited by the pure components*! If the crystals were 
built up of superimposed layers of the two components, it might 
be expected that the reflection spectra would show double maxima. 
Such double maxima are not actually found, and the conclusion 
is drawn that the mixed crystals have a space-lattice which is 
similar to that of either component, the atoms of the isomorphous 
elements being mutually replaceable. 

This view does not accord with conclusions which have been 
drawn from observations 28 of a different type on mixed crystals 
containing zinc and magnesium sulphates, Zn(Mg)S 04 , 7 H 20 . 
These mixed crystals are said to differ from crystals of the com- 
ponent substances in the appearance of certain vicinal faces and 
in the mode of dehydration. In explanation of these differences, 
it is suggested that the mixed crystals consist of superimposed 
layers of the components. It is very probable, however, that the 
X-ray observations represent the indications of a much more 
delicate instrument, and on that account afford more trustworthy 
information relative to the constitution of mixed crystals. 

In this connexion, reference may be made to results obtained 
in the examination of crystals of ammonium sulphate and rubidium 
sulphate. According to Tutton’s crystallographic measurements, 

2G Phil Mag,, 1916, [vi], 32, 65; A., 1916, ii, 405; 1916, [vi], 32, 505^ 
A., 1916, ii, 593 ; 1917, [vi], 33, 395 ; A., ii, 296. 

2^ L. Vegard and H. Schjelderup, PAi/stfcaZ. Zeitsoh." IQIT, 18, 93; A., 
ii, 243. 

2® C. Viola, Atti B. Accad. Lincei, 1916, [v], 25, ii, 285 ; A., ii, 79. 
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the structural dimensions of corresponding ammonium and 
rubidium salts slio\v a very close approximation to equality, a»nd 
this is fully borne out by the X-ray investigation of the sulphates.-® 
The structural relations exhibited by these salts are obviously 
incompatible with the valency volume theory of Pope and 
Barlow, for this -would make the volume of ammonium sulphate 
twice as large as that of rubidium sulphate, whereas the actual 
volumes of the space units are very nearly equal. 

An important development in the methods used in the investiga- 
tion of crystal struciures is to be recorded. The methods of Bragg 
and von Laue demand a knowledge of the crystallographic system 
to which the substances under investigation belong, and also require 
that well-formed crystals shall be available. In the application 
of the new method, the morphological information can be dis- 
pensed with, and the structure can be determined on crystals of 
microscopic or submicroscopic dimensions. The interference figures 
are obtained by pressing the crystalline powder to form a small 
rod, which is placed in the axis of a cylindrically arranged sensitive 
film, and subjected to the influence of monochromatic X-rays, 
when characteristic curves are obtained on the developed film, these 
being the result of interference phenomena conditioned by the 
structure of the minute crystals. 

Th^ method has been applied in the investigation of the structure 
of graphite and amorphous carbon, with the result that graphite 
is found to be trigonal and that amorphous carbon is identical in 
structure with graphite, the difference between the two forms con- 
sisting simply in the degree of subdivision of the substance. It 
would therefore seem that there are but two structurally different 
modifications of carbon, namely, diamond and graphite. In the 
former, the carbon valencies are arranged tetrahedrally, whilst in 
graphite three of the valencies (principal) are in one plane and 
inclined to one another at 120°, the fourth (secondary) valency 
being disposed at right angles to this plane. It is claimed that 
this structural difference is in harmony with the differences in the 
chemical properties of the two modifications. 

The further investigation of secondary-ray interference figures 
would seem to offer a means of elucidating the relations between 
other so-called allotropic forms.^^ 

28 A. Ogg and F. L. Hopwood, Phil. Mag., 1916, [vi], 32, 518 ; A., 1916, 
ii, 594. 

30 A. E. H. Tutfcon, Proc. Roy. Soc., 1917, [A], 93, 72 ; A., ii, 244. 

31 P. Debye and P. Scherrer, Physikal. Zeitsch, 1917, 18, 291 ; A., ii, 437. 

33 J. Olie, jun., and A. J. Byl, Proc. K. Akad. Wctensch. Amsterdam, 1917, 

19 , 920, A., ii, 286. 
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The importance of a loiowledge of crystal structure for the 
ideiitification of substances is admirably demonstrated^^ ]ii a short 
account of the apiDlication of the crystallographic methods of 
Fedorov in the identification of a minute crystal of intestinal 
origin, which was found to consist of phenyl salicylate. 

oj Inorganic Coin pun nds. 

The old conception of duplex affinity, which was the foundation 
of the dualistic system, has lecently been made use of in an 
attempt 34 to devise structural formulae for complex Inorganic com- 
pounds. In addition to the distinction previously made 35 between 
positive and negative affinity, the formulae in question involve a 
further distinction between primary and secondary affinity. This 
secondary affinity only shows itself when the primary affinity has 
come into play. Compounds formed by the saturation of primary 
affinity only are characterised by a transfer of electrons from one 
atom to another, and these compounds are of the “strong elec- 
trolyte” type. “ Molecular compounds arG formed by the satura- 
tion of negative affinity only, whilst saturation of both primary 
and secondary affinity leads to the formation of compounds of the 
“organic compound” or “paraffin” type. Apart from this dis- 
tinction between difierent groups of substances, the theory pfEers 
a plausible explanation of many facts connected with the strengths 
of acids and bases, of the relative stabilities of metal ammonia com- 
pounds, and of the phenomenon of polymerisation. 

Electrical Conductivity of Solutions. 

The general adoption of the Ivohlrausch method for the deter- 
mination of the electrical conductivity of solutions has been facili- 
tated by the fact that fairly accurate results can be obtained with 
simple apparatus of a readily accessible kind. For many purposes, 
this degi'ee of accuracy is amply sufficient, but according to recent 
investigations, it is evident that measurements of the conductivity 
of solutions can be made with an accuracy far exceeding that 
which is usually attained. These researches 3® cover the investiga- 
tion of the influence of all the various factors which affect the 
measurement of conductivity, including the action of the mechanism 
for producing alternating currents, the arrangement of the bridge 

T. V. Barker, Lancet, May 26th, 1917. 

S. H. C. Briggs, T., 1917, 111, 253; A., h, 254. 

35 T., 1908, 93, 1564. 

3« W. A. Taylor and S. F. Acree, J. Atner. Chem. Soc., 1916, 38, 2396, 2403, 
2415; A., ii, 7, 8. E. W, Washlburn, ibid., 1916, 38, 2431; A., ii, 10. 
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system, the design and construction of conductivity cells, and the 
sensitiveness of indicating instruments. 

It has been found that the Vreeland oscillator is the best and 
most convenient form of instrument for the production of 
alternating currents for conductivity work, this form of generator 
giving a nearly pure sine wave which can be adjusted at will. A 
])roperly constructed telephone receiver, tuned to the frequency 
employed, is found to be the most suitable indicating instru- 
ment, the degree of jirecision in the setting being limited and 
filially controlled only by the temperature fluctuations of the 
thermostat^ The conductivity cell should be designed to fit the 
telephone, and theoretical considerations afford information which 
may be advantageously utilised in the construction of such cells. 

Ionic Dissociation. 

By general consent, the original expression for the degree of 
ionisation of an electrolyte has been modified by the introduction 
of a correction factor which, in its simplest form, involves the 
assumption that the ionic mobility varies inversely as the viscosity 
of the solution. The degree of ionisation is accordingly given by 
y = Vo' which is the viscosity of the solution at dilu- 

tion V, and -jjy is the viscosity of the pure solvent. 

Tfle values of y for solutions of hydrochloric acid have been 
recently compared with the corresponding values of a derived 
from the equation ^2 — Dj~ 2 ETloga-^cil 0.2^0, in which and E.-, 
are the values of the E.M.F. of a cell of the type hydrogen electrode [ 
HCl IjUggClo I Hg, when the concentrations of the acid are re- 
spectively Cl and c^. By assuming that y and a have the same 
value in the most dilute solution, it is possible to compare the 
corresponding values in more concentrated solutions. The results 
are shown in the following table : 

Mols. HCl 
ner 1000 

gkms 1-1,0 0-00167 0-002 0-005 0-01 0-02 0-05 0-1 0-2 0-5 1-0 

7... .:. 0-988 0-9SS 0-981 0-972 0-962 0-944 0-925 0-909 0-890 0-845 

a 0-988 0-987 0-971 0-947 0-918 0-874 0-843 0-818 0-793 0-857 

It is evident that a decreases more rapidly than y with increasing 

concentration, and that there is a very appreciable difference in 
O’lA-solutions. Similar differences have been found®® in the com- 
parison of the y and a values for solutions of potassium chloride. 

3’ E. W. Washburn and K. Parker, J. Airier. Chem. Soc., 1917, 39 , 235 ; 
A., ii, 235. 

3S J. H. Ellis, ibid., 1916, 38, 737 ; A., 1916, ii, 369. 

3® D. A. Macinnes and K. Parker, ibid., 1915, 37 , 1445 ; A., 1915, 
ii, 610. 
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In comparing thus the values of y and a, it should be recognised 
that these are not identical from the theoretical point of view, for 
cy measures the ion concentration, whereas ca affords a measure 
of the chemical activity of the ion in the thermodynamic sense. 
By assuming' that the conductivity-viscosity ratio gives the correct 
degree of ionisation, it is possible to calculate the value of the 
activity-coefficient a from freezing-point data. Such data of the 
requisite degree of accuracy are available in the case of solutions 
of jiotassiuni chloride, and the values of a calculated in this way 
are found to be in good agreement with the values obtained from 
the JE .M.F. measurements previously referred to. It would seem 
legitimate to conclude from this concordance that the conductivity- 
viscosity ratio affords an accurate measure of the degree of ionisa- 
tion, but that this is not a measure of the ion activity. In accept- 
ing this result, it should in all probability be stipulated that the 
true transport numbers for the electrolyte in question should be 
independent of the concentration of the solution. 

In an attempt to find a general expression for the relation 
between the concentration and the degree of ionisation, which should 
be applicable to all electrolyte solutions, Kraus and Bray^° put 
forward the formula {caYj c{\~a) = K + k{caY, in which K, k, and 
n are constants determined by the nature of the electrolyte and 
the nature of the solvent. The same formula was independtmtly 
suggested by MacDougall to account for the behaviour of aqueous 
solutions of strong electrolytes. Somewhat later, the equation 
(ca)^fc(l — a)=K-rk{c(l-~a)}'^ was put forward by Szyszkowski,^^ 
and this author has more recently pointed out^® that this formula 
is equivalent to that of Kraus and Bray, the only difference being 
that the deviations from the law of mass action are attributed in 
the one case to the influence of the ions (K. and B.) and in the 
other to the influence of the non-ionised molecules (S.). The fact 
that the ionisation reaches a minimum value at a certain concen- 
tration is perhaps more readily interpreted in terms of Szyszkowsld’s 
formula. 

It has been shown that the concentration, which corresponds 
with this minimum ionisation, decreases as the specific inductive 
capacffiy of the solvent falls, and that for solvents of low dielectric 
capacity, this concentration falls within the range of solutions which 
are unsaturated and may be actually realised. The behaviour of 

35^”433 Science, 1912, 

" Ibid., 1912, 34, 855 ; A., 1912, ii, 826. 

Medd. Nobel Inst., 1915, 3, No. 2; A., 1915, ii 616. 

Ibid., 1916, 3, No. 11 ; A., ii, 127. 
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electrolytes in sucL. solvents has been frequently examined in 
recent years, and it seems to be clearly established that the pheno- 
mena of ionisation in liquid media of this type differ very con- 
siderably from those which are exhibited by typical aqueous solu- 
tions. In particular, it has been shown that electrolytes in solvents 
of low dielectric capacity exert an ionising influence on one another, 
with the result that the electrical conductivity of mixtures of 
electrolytes in these solvents cannot be calculated by the ordinary 
mixture rule or by the application of the principle of isohydry. 

The facts Ifrougiib to light by the study of the influence of the 
solvent on the ionisation of electrolytes appear to shed some 
illumination on the question of the ionisation of salts in the fused 
and crystalline states.^® There is evidence to show that the degree 
of ionisation of fused electrolytes varies but slightly with the 
temperature, the change in the electrical conductivity being almost 
entirely due to changes in viscosity.'^® The solidification of a fused 
salt is accompanied by a very large fall in the conductivity, but 
according to potential measurements made on a cell of the type 
silver I crystallised silver nitrate Jl fused silver nitrate [ silver at the 
temperature of fusion of silver nitrate, it seems that there is no 
appreciable difference in the concentration of the silver ions in the 
fused and crystalline salts. From this, it follows that the fall in 
conductivity on solidification is to be attributed to a very large 
diminution in the mobility of the ions and not to a change in the 
degree of ionisation. 

The commonly accepted view, that salts are not ionised until 
they are dissolved in suitable solvents, is obviously incompatible 
with the above hypothesis, for this assumes that normal electrolytes 
are appreciably ionised in the crystalline state. Substances, such 
as hydrogen chloride, which are non-conductors in the pure liquid 
condition, and yet give highly conducting solutions when dissolved 
in water, are regarded as anomalous, and it is supposed that these 
react in some way with the ionising solvent, this reaction being 
attended by marked thermal and other effects which accompany 
the dissolution process. 

** Compare A. X. Sachanov and J. S. Prsheborovski, Zeitsch. Elehtrocherti. , 
1914, 20 , 39 ; A., 1914, ii, 92 ; A. N. Sachanov, Zeitsch. physihal. Chetn., 
1914, 87 , 441 ; A., 1914, ii, 419 ; A. 1^. Sachanov and J. S. Prsheborovski, 
J. Bliss. Phys. Ghent. Soc,, 1915, 47 , 849 ; A., 1915, ii, 729 ; A. N. Sachanov 
and A. I. Rabinovitsch, ibid., 1915, 47 , 859 ; A., 1915, ii, 730. 

^5 A. ]Sr. Sachanov, J. Russ. Phys. Ghent. Soc., 1916, 48 , 341 ; A., ii, 115. 

Compare R. Lorenz, “ Elektrolyse geschmolzener Salze,” III, 289. 



14 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 


Overvoltage. 

In spite of the practical importance of overvoltage effects in 
electrolytic reduction and oxidation processes, the phenomenon has 
not received any great amount of attention. With the object of 
supplying data which may be utilised in the production and main- 
tenance of definite -overvoltages in such electrolytic processes, 
systematic experiments have recently been made by E. Newbery 
which not only afford the requisite information for the actual prac- 
tice of electrolysis, but serve to throw further light on the nature 
of overvoltage effects. 

Results obtained with different metals in acid and alkaline solu- 
tions show that anodic overvoltages^^ are in general much higher 
than the corresponding cathodic effects.^® It is mainly on this 
account that electrolytic reduction processes can b© more easily 
graded, whilst electrolytic oxidation tends to give highly oxidised 
products, and ultimately carbon dioxide. 

Although a certain ambiguity attaches ter the choice of what is 
to be regarded as the normal value of the overvoltage, the results 
show fairly clearly that the magnitude of the cathodic overvoltage 
is determined by the position of the metal in the periodic tabl^.^® 
The metals can, in fact, be divded into nine groups, of which the 
last eight correspond with groups I — ^VIII of the periodic system. 
The same metal may show overvoltages corresponding with more 
than one group, but when this occurs, it is found, in nearly all 
cases, that the metal in question forms compounds in which its 
valency agrees with that of the other members of each of these 
groups. The first or zero group contains metals which, under 
certain conditions, show no overvoltage, but all the zero group 
metals are to be met with in one or more of the other groups. The 
overvoltage increases in equal steps in passing from group O to 
group II, and thereafter decreases gradually from group II to 
group VIII. 

The existence of this relation between cathodic overvoltage and 
the valency of the cathode metal cannot be satisfactorily explained 
in terms of the older theories of Nernst, Le Blanc, and Foerster, 
urhich attribute the effects to the operation of physical, that is to 
say, non-chemical, forces. The theory advanced by Newbery^® to 
account for the facts is distinguished from the older theories, in 
that it assumes that chemical forces come into play which lead to 

T., 1916, 109 , 1066 ; A., ii, 598. Ibid., 1051 ; A., 1916, ii, 598. 

^9 Ibid., 1107; A., ii, 12. 

Ibid,, 1359 ; A., ii, 64 ; compare also Mem. Manchester PMl. Soc., 1916, 
60 , No. 11 ; A., ii, 290. 
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the formation of definite compounds by combination of the dis- 
charged hydrogen with the metal of the cathode. These hydrides 
are unstable, endothermic compounds with a high solution pressure 
which is supposed to be the immediate cause of the overvoltage 
effect. 

It is suggested that the hydrides which show the group over- 
voltage are the lowest formed by the metals in each si’oup, and 
that the addition of an atom of hydrogen to any hydride changes 
the overvoltage to the value vrhich is characteristic of the pre- 
ceding grouji. Ii> other words, the solution pressures of the 
hydrides are determined by the number of unsaturated valency 
bonds. When no hydride is formed, the metal behaves as a 
hydrogen electrode, this behaviour being exhibited most clearly by 
the platinum metals. 

Although the anodic overvoltages do not show quite the same 
degree of regularity, the theory would, in the same way, attribute 
anodic overvoltage to the formation of unstable oxides. As is 
well known, the fonnation of oxide films forms the basis of 
Faraday’s theory of the passive state, and according to the theory 
under discussion, passivity may be expected when the oxides formed 
are good conductors of electricity and at the same time are relatively 
insoluble in the electrolyte solution. If, on the other hand, the 
oxides are poor conductors and insoluble, the conditions are favour- 
able to the manifestation of valve action. The theory thus corre- 
lates a number of otherwise disconnected facts, overvoltage effects 
being connected up with passivation, valve action, and also with 
the periodicity which is exhibited in electrolytic passivation in 
certain circumstances. 


Chemical Bynmnics. 

The theory that neutral molecules are much less reactive than 
electrically charged ions was at one time in considerable favour, 
but this view is not warranted by the results of a large amount of 
recent work on the mechanism of reactions. The kinetic investiga- 
tion of reactions of various types has, in fact, shown that the 
reactivity of molecules is very frequently of the same order as that 
of the corresponding ions, and in some cases the molecule appears 
to be the more reactive form. When electrolytes react in both 
these forms, the actual progress of the reaction represents the 
additive effect of molecular and ionic activity, but the relative 
activities can readily be deduced from the results of experiments 
in which the concentration of the electrolyte is varied. 

Recent work of Acree and his collaborators, who have furnished 
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a. large body of evidence in support of tbe dual activity of electro- 
lytes, indicates that the ratio of the activities of the molecular and 
ionic forms of a substance is not independent of the reaction in 
which the substance takes j^art. A comparison of the results 
obtained for the alkali metal ethoxides in the inversion of 
f-menthone^^ and in the action on methyl iodide^- reveals a con- 
siderable difference in the ratio of the activity of" the non-ionised 
ethoxide to that of the ethoxide ion. A similar variation has been 
previously noted in the action of acids as catalysts. On the other 
hand, recent measurements”^ of the rate of'' transformation of 
•y-hydroxyvaleric acid into valerolactone with hydrochl(^ric acid as 
catalyst have given a value for the activity ratio which is the same 
as that found for, the acid when used as catalyst in the hydrolysis 
of ethyl acetate.®^ 

Experiments on the catalysing power of a series of strong acids ”” 
show that the activity of the non-ionised acid is in all cases greater 
than that of the hydrogen ion. The catalysing power of the non- 
ionised acid decreases in the order hydrOchbric, hydrobromic, tri- 
chloroacetic, ^^toluenesuiponic, trichlorobutyric acid. In the case 
of the last-mentioned acid, the ratio of molecular to ionic activity 
is nearly equal to unity, and the catalysing power is consequently 
determined solely by the concentration of the acid and is inde- 
pendent of its d.egree of ionisation. The results obtained for the 
inversion of f-menthone by lithium ethoxide show also that this 
electrolyte is equally active in the ionised and non-ionised forms.®^^ 

The facts established by Gr. Senter in his investigations of the 
mechanism of the reactions between halogen-substituted acids or 
their salts and water or alkali hydroxides not only afford evidence 
of the composite nature of these reactions and of the identity of 
the reacting molecular species, but have an additional interest in 
that they have been applied in the further examination of the 
phenomenon usually referred to as the Walden inversion. It seems 
quite plausible to assume that the optical character of the product, 
which is obtained by replacement of the halogen in an optically 

W. A, Gruse and S. F. Acree, J. Amer, Chem. Soc , 1917, 39 , 376 ; A., 
ii, 251. 

B. M. Brown and S. F. Acree, ibid., 1916, 38, 2145 ; A., ii, 24. 

5s H. S. Taylor and H. W. Close, ibid., 1917, 39 , 422 ; A., ii, 253. 

H. S. Taylor, ibid., 1915, 37, 551 ; A., 1915, ii, 248. 

H. M. Dawson and T. W. Crann, T., 1916, 109, 1262 ; A., ii, 26. 

“5® W. A. Gruse and S. F. Aeree, loc. cit. 

Compare G. Senter and H. Wood, T., 1916, 109, 681 ; A., 1916, ii, 523, 
and previous papers. 
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active organic acid by the hydroxyl or amino-group, may vary 
according to whether the substitution has been effected in the non- 
ionised molecule or in the corresponding anion. The fact that the 
sign of the product is influenced by the nature of the medium in 
which the reaction takes place is doubtless capable of explana- 
tion on similar lines, and sufficient evidence has already been 
obtained to warrant the conclusion that the problem of the Walden 
inversion will probably find a solution on the lines of Senter’s 
kinetic investigations. 

The experi*nenti.l study of certain reactions has been much 
facilitated by the use of regulator mixtures. These mixtures are 
frequently employed for the production of aqueous solutions which 
have a well-defined hydrogen ion concentration, and by making use 
of them in kinetic experiments it is possible to maintain the active 
mass of one or other of the reacting substances constant, and 
thereby to prevent disturbances such as would arise from a tendency 
to reversal or from the auto-catalytic influence of the products of 
reaction. 

According to Skrabal,®^ such regulator mixtures are to be dis- 
tinguished according to whether they act as static or as dynamic 
regulators. This distinction is based on the difference in the 
rapidity with which any disturbance of the equilibrium between the 
components of the regulator mixture is nullified. In its control 
of the hydrogen ion concentration, a mixture of sodium dihydrogen 
phosphate and disodium hydrogen phosphate behaves as a static 
regulator, whilst a mixture of potassium iodide and iodate behaves 
as a dynamic regulator. The dynamic course of a particular reac- 
tion varies according to whether the reaction is controlled by a 
static or by a dynamic regulator, but the results obtained in the 
investigation of the rate of hydrolysis of certain esters*^- show 
that both lead to the same value for the velocity-coefficient of the 
controlled reaction. 

According to observations®^ on the rate of hydrolysis of 
dialkyl carbonates, this reaction proceeds at a conveniently measur- 
able rate in a solution of sodium carbonate, whereas the corre- 
sponding sodium alkyl carbonates are hydrolysed with immeasurable 
rapidity whether the solution is alkaline or acid. The anomalies 
afforded by these kinetic observations have led to the suggestion 

G. Senter and H. D. K. Drew, T., 1915, 107 , 638; A., 1915, i, 535; 
T., 1916, 109 , 1091 ; A., 1916, i, 815. 

6“ Compare A. Skrabal, Monatsh., 1917, 38 , 29 ; A., ii, 250 ; A. Skrabal 
and A. Sperk, ibid., 1917, 38 , 191. 

81 Monatsh., 1917, 38, 159. 

62 A. Skrabal, ibid., 180. Ibid., 305. 
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-that the second stage in the hydrolysis of the carbonic esters is 
not really a hydrolytic process, but an intramoleenlar change 

represented by the formula C0, + E,0H. 

The dehydration of certain crystalline hydrates has been found 
to show irregularities in the initial stages, the effect being equi- 
valent to a period of induction. Experiments mude with copper 
sulphate pentahydrate show that the crystals have at first a 
much smaller tendency to give up water than in the later stages, 
in which the progress is in accordance with -the r^jquireinents' of 
the law of probability. Mechanical stirring of the finely powdered 
crystals, and the presence of crystals of the trihydrate, tend to 
obliterate the induction period, and in general the facts suggest 
a close analogy with the behaviour of supersaturated solutions. 
If this view is correct, it may be that the induction period is to 
be explained in terms of the relatively high vapour pressure of 
very small particles of the trihydrate, and in that case it is un- 
necessary to assume the intermediate ^formation of an unstable 
amorphous form in order to account for the changes in ‘the vapour 
pressures of crystalline hydrates. 

It has been proposed that the usual method of recording the 
velocity of reactions should be modified by substituting for the 
velocity-coefficient (^) a number the significance of which can be 
more readily visualised. If the unit of time is so chosen that 
^ = 1, then this unit of time (t) affords a direct indication of the 
speed of the reaction for unit concentration of the reacting sub- 
stances. If, for instance, ^ = 0'02 (time in minutes), then t = 50 
minutes, which signifies that one gram-molecule of the sub- 
stances will react in 50 minutes when the concentration is equal to 
unity. 

The radiation hypothesis of chemical reactivity has been further 
developed, and it is shown®” that the idea that molecules become 
reactive when the energy content reaches a certain critical value is 
quite compatible with the fact that the reaction may be accom- 
panied by the absorption or liberation of heat. In the simplest 
case of a unimolecular reversible change, the connexion between the 
heat of reaction, and the critical increments of the two 
kinds of molecules, and is given by the equation 

Qv=E^~F-^, which by introduction of the quantum hypothesis 
assumes the form Qv — Fh(v 2 —vi), in which vj and V 2 are the 

W. N. Rae, T., 1916, 109 , 1229 ; A., ii, 24. 

J. R. Partington, ibid., 1911, 99 , 466. 
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critical frequencies of tke reacting substances. Tbe latter equa- 
tion is found to hold for a number of high-temperature reactions. 

Chemical 'Equilibrium. 

There is a good deal of evidence to show that the equilibrium 
in a reversible system varies with the nature of the solvent. The 
displacement of the equilibrium in passing- from one solvent to 
another must be ascribed to a difference in the heat of reaction in 
the two solvents, a^^d this, in its turn, may be referred to differ- 
ences in the heats of dissolution of the reacting substances in the 
solvents in question.®^ If the reversible reaction is represented by 
A ^ B, and Q j and Q'j are the heats of dissolution of A in two 
different solvents, the corresponding values for B being Qn and 
Q'ji then the relation between the equilibrium constants K and 
is given by log E f E' = {Q t~-Q\i) — (Q n— { RT. In such 

systems, the solvent cannot be supposed to play the part of a 
catalyst when this is defined in the usual way. 

In an interesting contribution to the question of the 'influence 
of temperature on chemical equilibrium, F. E. C. Scheffer'^® has 
arrived at the conclusion that the accuracy attained in the in- 
vestigation of gaseous equilibria, and more particularly equilibria 
at higher temperatures, does not warrant the use of the relatively 
complicated formulae which are frequently employed to represent 
the dependence of the equilibrium on the temperature. 

The fundamental thermodynamic equation is 
dlogE!dT=-QjBT^, 

and by making different assumptions in regard to the influence of 
the temperature on the heat of reaction, this differential equation 
leads to various integrated forms, which may be directly employed 
in testing the experimental observations. 

If the heat of reaction is independent of the temperature, which 
is equivalent to the assumption that the algebraic sum of the heat 
capacities of the reacting substances is zero, then Q=a and 
lQgE = alT -\-h (1). If the algebraic sum of the heat capacities is 
not zero, but has a constant value independent of the temperature, 
then Q=^a-{-hT and log E — afT —blogT c (2). If, again, the 
sum of the heat capacities is a linear function of the temperature, 
then Q=a-^bT-\-cT'^ and logE = alT — blogT — cT + d (3). 

Scheffer's investigation of the available data relative to gaseous 

W. C. M. Lewis, T., 1917, HI, 1086. 

A. Smits, Proc. K. Ahad. Wetmsch. Amsterdam, 1917, 19, 708 ; A., 
ii, 171. 

’0 Ibid., 636 ; A., ii, 170. 
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• equilibria at liigh temperatures Las sLown that, in almost every 
case, the influence of temperature can be adequately represented 
by the simplest equation. The dissociation of hydrogen iodide may 
be quoted as an example. According to Bodenstein, his observa- 
tions between 550° and 800° are satisfactorily represented by equa- 
tion (3), but, as Scheffer points out, this formula fails to reproduce 
Steigmiiller’s observations for the temperature interval 300 — 350°, 
whereas the simple equation (1) represents the experimental data 
for both intervals of temperature quite satisfactorily. 

Theoretical considerations relative to the ihflueiice of tempera- 
ture on chemical equilibrium also lead to the conclusion that the 
data for systems, in which solids react with gases, are not nearly as 
accurate as a cursory examination would suggest. The data 
obtained in the investigation of certain systems of this type point 
to the existence of a maximum or minimum value of K at a par- 
ticular temperature. On the assumption that this is a real effect, 
it is obvious that equation (1) cannot represent the influence of 
temperature on the equilibrium, for tEis equation does not admit 
of a maximum or a minimum in the value of the constant K. 

According to the recorded data^^ for the equilibrium in the 
system Be +00^2 ^ FeO-f CO, the equilibrium constant has a 
minimum value at 680°. At this temperature Q—0, whilst at 
585° Q= -3110 cals, and at 835° Q= +8720 cals. This difference 
of 11,830 cals, in the heat of reaction for a change of temperature 
of 250° corresponds with a difference of 47‘3 in the algebraic sum 
of the molecular heats of the substances taking part in the reaction. 
Since the difference between the heat capacities of the substances 
on opposite sides of the equation is solely due to differences in the 
mode of combination of the elements and the effect of this re- 
arrangement is known to be small, it appears legitimate to conclude 
that the experimental data are untrustworthy. 

This example may suffice to indicate that the analysis of equil- 
ibrium data, according to Scheffer’s method, affords a valuable 
criterion in arriving at an estimate of the degree of trustworthi- 
ness of data which purport to show the influence of tera2:)erature 
on the equilibrium. 

Electrical Ignition of Gaseous Mixiure.s. 

An extensive series of observations on the ignition of 
inflammable mixtures of gases under the influence of condenser 

E. Baur and A. Glaessner, Zeitsch. physikal. Qhem., 1903, 43, 354 ; 
A., 1903, ii, 423. 

72 W. M. Thornton, Proc. Boy. Soc., 1914, [A], 90 , 272 ; A., 1914, ii, 524 ; 
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spark or impulsive electric discharge has led W. M. Thornton to 
the conclusion that the minimum energy required for ignition, 
changes in a discontinuous manner with the composition of the gas 
mixture. For mixtures of air with methane, ethane, propane, 
carbon monoxide, hydrogen sulphide, and hydrogen, the curves 
which are obtained by plotting the energy of the least igniting 
current against the composition are characterised by one or more 
breaks or steps, which correspond with sudden changes in the ease 
of ignition as the composition of the gas mixture passes through 
certain critical stag js. These critical mixtures are said to be dis- 
tinguished by the fact that the ratio of the number of the oxygen 
atoms to the number of the molecules of inflammable gas is repre- 
sented by a whole number. In a further paper, it is claimed 
that simple molecular relations of the same kind obtain for those 
mixtures which correspond with the upper and lower limits of 
inflammability. 

If it were definitely established that stepped ignition phenomena 
are really cliaracteristi# of the electrical ignition of inflammable 
gaseous mixtures, the observation would obviously be of consider- 
able theoretical significance. More recent experiments by R. V. 
Wheeler and his collaborators have, liow'ever, failed to confirm the 
existence of such effects as have been described by Thornton. 

In the course of attempts'''* to repeat the observations on the 
effect of the impulsive discharge from the secondary circuit of an 
inductive coil, it was found that comparative results could only be 
obtained when the rate of break of the primary circuit and the 
condition of the secondary spark-gap were rigidly controlled. 
Under these conditions, experiments with mixtures of methane and 
air and of hydrogen and air gave perfectly smooth curves showing 
no sign of discontinuity with change in composition. 

According to Thornton, discontinuities are also met with in the 
ignition of a given mixture under different pressures, but 
Wheeler’s observations on a mixture of methane and air, in which 
the electrical conditions were adequately controlled, gave a per- 
fectly continuous curve for a change in pressure from 100 to 
800 mm.''® Experiments at higher pressures (500 to 5000 mm.) 
gave the same result. In the course of these experiments it was 
noted that the least discharge which could pass across a 1 mm. gap 
was sufficient to cause ignition, and it was found necessary to 
diminish the width of the gap in order to obtain comparative 

« Phil. Mag., 1917, [vi], 33, 190 ; A., ii, 172. 
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•measures of the least iguiting current. This fact, according to 
Wheeler, offers a possible explanation O'f the discrepancy between 
the two series of experiments, in that Thornton's experimental 
arrangement merely affords a measure of the inffuence of the com- 
position or of the pressure of the gas on the readiness with which 
the discharge takes place across the spark-gap. This seems to be 
quite a reaonable interpretation of the divergence, and althougii 
it is just possible that some unknown factor is responsible for the 
difference, the evidence is in favour of the view that ignition curves 
are* continuous in type, and that there is ncr satisf,aetory experi- 
mental basis for the theory of stepped ignition. 

A novel method for the determination of ignition- temperatures 
has been described,''^^ in which the gaseous mixture, contained in a 
small soap bubble, is ignited by contact with an electrically heated 
wire or other red hot body, the temperature being noted at which 
ignition just takes place. The ignition-temperatures, whicli have 
been obtained for various mixtures of inflammable gases with air 
by the use of this method, are for the nxist ^part appreciably higher 
than those given by the methods which have been employed in 
previous experiments. The discrepancy is said to be due to the 
circumstance that, in the older methods, slow combustion precedes 
the actual ignition and generates sufficient heat to raise the residual 
mixture to its ignition point. In other words, the older m^hods 
involve a time factor which must be eliminated if correct values are 
to be obtained for the ignition-temperatures. It is claimed that 
this is accomplished by the soap-bubble method, which is said to be 
eminently suitable for comparative observations and to permit of 
fixing the ignition-point with a considerable degree of accuracy. 

It is a well-known fact that, under certain conditions, mixtures 
o f inflammable gases and air show an effect which has been described 
as the “ uniform movement,” in which the flame produced by 
ignition of the mixture travels with uniform speed for a consider- 
able distance from the point of ignition. The conditions most 
favourable for this effect are that the inflammable mixture should 
be contained in a long horizontal tube, open at one end and closed 
at the other, and that ignition should be effected near the open end 
of the tube by a source of heat not much higher in temperature 
than the ignition-point, and not productive of mechanical disturb- 
ance in the mixture. According to Mallard and Le Chatelier, the 
speed of the uniform movement for a given gaseous mixture is not 
appreciably affected by the cooling of the hot gases by the walls of 
the tube when the diameter of the tube is sujficiently great, and 
it has been supposed that the speed of the uniform movement in 

’8 J. W. McDavid, T., 1917, 111, 1003. 
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moderately wide tubes (5 — 10 cm. diameter) at the ordinary ]>res 
sure is determined solely by the nature ot the gaseous mixture. 

According to recent measurements"^ in tubes varying from 2 '5 to 
100 cm. in diameter, this is not the case, but the velocity increases 
continuously with increase in the width of the tube. In very wide 
tubes, the effect is accompanied by a turbulence of the Hame front, 
whicli is due to the u2>ward movement of the hot gases by con- 
vection. It is evident from these observations that the speed of 
the uniform movement does not possess the attributes -which would 
entitle it to be regarded as a characteristic j^roperty of a combust- 
ible mixture, and further that the uniform movement is a strictly 
limited phenomenon which can only be observed in tubes which are 
wide enough to prevent appreciable cooling and yet narrow enough 
to suppress the influence of convection currents. 

The theoretical considerations advanced by Mallard and Le 
Chatelier,®*^ lead to the conclusion that for mixtures which have 
approximately the same thermal conductivity, the speed of the 
uniform movement should be proportional to {T — t)l{t — d), where 
T is the combustion temperature, t the ignition-temperature, and 
6 the initial temperature of the combustible mixture. By experi- 
ments on mixtures of methane, oxygen, and nitrogen. Mason and 
Wheeler have shown that this relation is satisfied, provided that 
the amount of oxygen in the mixture is in excess of that required 
for complete combustion. For mixtures which contain less oxygen, 
the observed speed has a lower value, and this is ]Drobably due to 
the relatively slow rate of the combustion, resulting in a greater 
loss of heat through the walls of the tube. 

Colloids. 

The ageing of colloidal solutions is attended by changes in vari- 
ous properties, such as the viscosity, the readiness with which the 
sols gelatinise, and their sensitiveness towards electrolytes which 
have a coagulating action. It has been generally supposed that 
these irreversible ageing effects are due to the gradual formation of 
larger particles by a process of aggregation. 

In some interesting observations on colloidal solutions of ceric 
hydroxide it has been found that the ageing process is very largely 
modified when the sols are subjected to the action of y3- or y-rays. 
The first effect produced by the rays consists in an increase in the 
normal rate of diminution in the viscosity, but this effect is rapidly 
superseded by a second, in which the viscosity increases continu- 

™ W. Mason and R. V. M^eeler, T., 1917, 111, 1044. 
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•ously to a value wliicli is very large in comparison with that of the 
freshly dialysed sol, the final result of this process being the ’forma- 
tion of a stable jelly. If the exposure to the active rays is made 
intermittent, the course of the viscosity-time curve is of the same 
type. Furthermore, it has been found that if the active rays are 
cut off before the viscosity has reached a minimum, the ageing is 
still characterised by the second stage, in which the viscosity 
increases, but in these circumstances the viscosity reaches a maxi- 
mum, and subsequently decreases almost as rapidly as it increased in 
the second stage. ^ 

The effects described are supposed to be connected with changes 
in the degree of hydration of the colloidal hydroxide. Under the 
influence of or y-rays the charge carried by the colloidal particles 
is neutralised, and this process is accompanied by a diminution in 
the degree of hydration and in the viscosity. The subsequent 
increase in the viscosity in the second stage of the ageing process 
is attributed to the aggregation of the neutral particles, a process 
which takes place with a velocity comps?-rab^J.e with that of crystal- 
lisation and similar processes. To account for the maximum vis- 
cosity and the subsequent decrease which are observed when the 
time of exposure to the active rays is comparatively short, it is 
suggested that this may be due to the peptonising action of the 
charged particles which are enclosed in the jelly resulting from the 
aggregation of the neutral particles. Evidence of the plausibility 
of this explanation is afforded by the fact that ceric hydroxide 
jellies are readily peptonised when the corresponding sol form is 
added to the jelly. 

The above observations are of particular interest in that they 
appear to throw new light on the mechanism of the coagulation 
process. It has, in fact, been found that similar changes in the 
viscosity of ceric hydroxide sols occur when very small quantities of 
electrolytes are added to the colloidal solutions. The 2>arallelism is 
not quite complete, for the time factor is different in the two cases, 
and the jellies produced by the action of electrolytes are unstable, 
but the similarity is sufficiently jironounced to justify the conclu- 
sion that the successive changes which occur in the colloidal particles 
are probably the same. 

In connexion with the ageing of colloids, a short reference may 
be made to certain observations, which have been made on the 
metal and salt films which condense on the wall of a metallic fila- 
ment lamp when the metal or salt in question is vaporised from the 
surface of the filament by the passage of a current. The film of 

W. Reinders and L. Hamburger, Proc. K. Akad. Wetensoh. Amsterdam, 
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sodium, cliloride, whicli is obtained under these conditions, appears 
to be quite devoid of structure when examined by the ultra-micro- 
scope. On exposure to moist air the film quickly becomes opales- 
cent, and at this stage the ultra-microscope shows the presence of a 
network of ultra-microns. With time, the network becomes coarser, 
and ultimately it is possible to recognise the presence of cubic micro- 
crystals. If the sodium chloride film is covered, by Canada balsam, 
the vitreous condition may be preserved indefinitely. Metallic films 
of similar character have been prepared, but these are much less 
stable than vitreous sodium chloride. 

Structure of JeUie’^. 

The various theories advanced in explanation of the character- 
istic propei'ties of jellies have not led to any generally accepted view 
of jelly structure. As the result of ultra-microscopic observations, 
the theory has been recently advanced ^3 that gelatin contains two 
substances, a- and ^-gelatin. The a-gelatin forms the structural 
units, and consists of an irregular network of fibrils, whilst jS-gela- 
tin is structureless and fills the spaces in the network. The fibrillar 
network is not visible in an ordinary gelatin jelly, but the structure 
becomes evident when the gelatin is subjected to the action of 
agents which remove the ^-gelatin to a greater or less extent. In 
these circumstances, the elementary fibrils undergo orientation, 
forming groups which are visible in the ultra-microscope. 

This theory of jelly structure is made the basis of an attempt®'^ 
to explain the laminated structures, familiar under the name cf 
Liesegang’s rings, wdiich make their appearance when an aqueous 
solution of an electrolyte is brought into contact with a jelly im- 
pregnated with a second electrolyte, which reacts with the first 
to form an insoluble compound. It is now shown that .rhythmic 
structures are developed in the jelly when the diffusing substances 
do not react chemically, and, in fact, the evidence brought forward 
seems to indicate that the diffusion of any electrolyte from an 
aqueous solution into a jelly gives rise to laminated structures. It 
is said that these facts cannot be accounted for by the various 
theories which have been advanced in explanation of the formation 
of Liesegang’s rings, and that the laminated appearances are 
primarily due to the jelly structure. The rate of diffusion of an 
electrolyte into a jelly will depend on the orientation of the 
structural fibrillar elements, and forces are thus called into play 
which give to the system a more or less well-defined laminated 
appearance. 

S3 w. Moeller, Kolloid Zeitsclu, 1916, 19 . 205, 213 ; A., ii, 132. 
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Swelling of Colloids. 

Although sporadic attempts have been made to correlate and 
explain various phenomena which are associated with the swelling 
of colloids, and to ascertain the factors on which the swelling 
depends and the laws which govern the process, it cannot be said 
that our present knowledge of the subject is in any way commen- 
surate with the importance of the phenomenon in its bearing on 
biochemical problems and on processes connected with the textile 
and other industries. The elimination of secondary disturbances 
constitutes one of the chief difficulties of the experimental investi- 
gation of the question, and the fact that this point has received 
adequate consideration hnparts a special value to the results 
obtained in recent experiments.®^ The substances chosen for investi- 
gation were pure chemical compounds, the swelling of which is not 
complicated by capillary absorption effects, by the formation of 
compounds with the swelling liquid, or bv the irreversibility of 
the process. 

For various substances of this character it has been found that 
the relation between the degree of swelling, measured by the ratio 
of the weight of the absorbed water to the weight of the dry sub- 
stance, and other properties, is independent of the chemical nature 
of the swelling substance. The curves which show the relation 
between the vapour pressure, the heat of swelling, the volume 
change, and the heat capacity on the one hand, and the degree of 
swelling on the other, are, moreover, quite similar to the corre- 
sponding curves for mixtures of water with non-volatile liquids, 
such as sulphuric acid, phosphoric acid, and glycerol. This simi- 
larity suggests that the swelling process, when free from secondary 
disturbances, is to be regarded as the formation of a solid solution 
of ymter in the swelling substance. This idea is incompatible with 
the micellary hypothesis put forward by Nageli to explain the 
behaviour of svv^elling substances; it disposes of the necessity for 
the assumption of complex structural unite and replaces these by 
molecules. 

H. M. Daw’'Son. 
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The past year has been marked by a very considerable rednctioii 
in the number of papers that have come under review. This 
decrease is more pronounced in those papers which deal with the 
determination of atomic weights and with the more theoretical 
side of inorganic chemistry. 

Among the latter, however, is one which perhaps merits more 
than a passing notice, namely. Professor Harkins's paper on the 
genetic relationship between the atoms. There is no doubt that 
radioactivity, together with the discovery of the existence of 
isotopes, has reawakened an interest in the question of the genesis 
of the elements. The conception of the hydrogen-helium structure 
of all atoms with an atomic weight greater than 4 was first 
enunciated two years ago, and the evidence in its favour is so 
remarkably convincing that it surely must receive earnest con- 
sideration by all chemists. 

The papers which deal with the preparative side of inorganic 
chemistry show but little decrease in number, and, in general, it 
may be said that the wmrk carried out during the past twelve 
months exhibits more than the usual interest. 

1 fomic Weights. 

The past year has been remarkable in the fact that much less 
work has been published on the determination of atomic weights 
than during the preceding year. The International Committee 
direct particular attention to this, and point out that it is due in the 
main to the entry of America into the war, for it is in this country 
that so many important atomic weight determinations have been 
carried out in recent years. No change in the values as adopted 
for 1917 has been rcommended bj^ the Committee, and, indeed, the 
Committee has decided to intermit its annual reports. 

Attention may be directed to a suggestive paper dealing with 
the genetic relationship between the atoms of the elements.^ In 

^ W. D. Harkins, J. Amer. Ghem. Soc., 1917, 39, 856 ; A., ii, 303. 
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previous papers on this subject, it has been suggested that the 
elements are intra-atomic compounds of hydrogen. 2 . 3 The 
hydrogen first becomes helium, and this becomes a secondary unit 
of fundamental importance in the formation of all the elements 
with atomic weights greater than its own. The ninety-one known 
elements, other than hydrogen, fall into two series. At any rate, 
among the elements of low atomic weight, the atoms having even 
atomic numbers are in general built up of helium atoms, and there- 
fore may be said to have the general formula nHe^, whilst those 
having odd atomic numbers seem to have the general formula 
iiHe^ H- H'g, these formulae representing intra-atomic^ and not 
chemical compounds. If the elements actually belong in two series, 
as the hypothesis indicates, then the distinction between the two 
should be apparent in at least one fact concerning the respective 
elements. It was showm in the previous papers that the atomic 
weights of the elements, interpreted in the light of the method by 
which radioactive elements disintegrate, give almost conclusive 
evidence in favour of the theory. Extremely striking additional 
evidence is now adduced in support of this hypothesis. The 
ordinary periodic system appears to be a relationship which ex- 
presses graphically the variation in the arrangement and the 
number of external electrons, especially the valency electrons, in 
the atom, which finds its expression in the chemical and physical 
properties of the element. The hydrogen-helium system is most 
fundamentally related to the structure of the nuclei of the atoms, 
and this structure should not affect the arrangement of the external 
electrons if the nucleus is extremely minute, since this arrange- 
ment would depend on the number of electrons, which in turn 
depend on the nuclear charge, but not on the internal structure 
of the nucleus except in so far as this structure affects the total 
charge. The structure of the nucleus should, however, affect its 
stability, which would have an expression in the abundance of the 
respective elements. There is another factor, too, which Avould 
have an effect on the abundance, and that is the relative abund- 
ance of the special materials used in the formation of the element 
in question. The abundance of the elements in the earth's crust 
might seem to- give the best information in this respect if it were 
not known that the surface of the earth has been subjected to 
very long-continued differentiative processes, and so has a very 
local character. The meteorites, on the other hand, tome from 
much more varied positions in space, and at the same time show 

^ W. D. Harkins and E. D. Wilson, J. Amer. Gliem. Soc , 1015, 37, 
1367, 1383, 1396 ; A., 1915, ii, 543, 544. 

^ W. D. Harkins and R. E. Hall, ibid., 1916, 38, 169; A., 1916, ii, 24L 
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mucii less indication ot‘ differentiation. In the meteorites, the 
elements of even atomic numbers on the average are about seventy 
limes more abundant than the odd-numbered elements, and, more- 
over, it the elements are plotted in the order of their atomic 
numbers, it is found that the even-numbered elements are in every 
case very much more abundant than the adjacent odd-numbered 
elements. Almost more striking than this is the fact that the 
first seven elements, in the order of their abundance, are all even- 
numbered, and, furthermore, make up 98'7S per cent, of the 
material. Both the iron and the stone meteorites separately show 
the same relations. Thus the stone meteorites contain 97’6 per 
cent, and the iron meteorites 99 *2 per cent, of even-numbered 
elements. It is remarkable that the highest percentage found for 
any odd-numbered element in any class of meteorites is 1’53, whilst 
among the even-numbered elements larger percentages are common 
and range even as high as 90*6 per cent. In the lithosphere, 
whilst the relationship is not so striking, the even-iiumbered 
elements are still seven to ten times as abundant as those which 
are odd, depending on whether the calculations are made by weight 
or by atomic percentage. Among the rare earths, the even- 
numbered elements are the more abundant. Among the radio- 
active elements, the odd-numbered element is in each case either 
of a shorter period than the even-numbered or else as yet undis- 
covered. All the five unknown elements are of odd numbers. 
The elements of low atomic numbers are found to be much more 
abundant than those of higher atomic number, both in meteorites 
and on the earth. Thus the first twenty-nine elements make up 
about 99*9 per cent, of the material, while the remaining sixty- 
three are either extremely rare or comparatively rare. 

The above results seem to show that the elements fall into two 
series, as predicted from the hydrogen-helium structure hypothesis. 
The variation in the abundance of elements would seem to be the 
result of an atomic evolution, which is entirely independent of the 
Mendeleev periodic system. The formation of the elements seems 
to be, however, related to the atomic number. The hydrogen- 
helium structure of the atoms is seen to be on as firm a basis as a 
large number of the ideas of physics or chemistry which are 
accepted without question, since the predictions originally made 
have been verified in so striking a way. The first prediction was 
that the elements of low atomic number would be found to show 
evidences in their atomic weights that their atoms are built up 
according to the general plan, in relation to which the radioactive 
elements (of high atomic weight) disintegrate. The second pre- 
diction was that the elements of even atomic number would show 
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a marked difference in abundance from those of odd atomic nuinber- 
The agreement with both these predictions is very much more 
striking than was at first expected, and this agreement involves 
such a large number of data that it is on this account even the 
more remarkable. 

In general reference to the stability of the elements, it is to be 
expected that the composition of the nucleus should affect its own 
stability, which from radioactive evidence means the stability of 
the atom. From this point of view, it is reasonable to suppose 
that the atoms of one of the series, the even c# the ^dd, should *be 
more stable than those of the other. There is at least one other 
factor than stability which must be considered in this connexion. 
Since the formula for the odd-numbered elements is iiHe'' + H''.:}, it 
is evident that, if the supply of Hg was relatively small at the time 
of formation, not so much material would go into this system. This 
would be true whether the Hg represents three atoms of hydrogen 
or one atom of some other element. With regard to the latter 
alternative, it is at least remarkable that- the Hg occurs eleven 
times in the system for the first twenty-seven elements, whilst H, 
and H each only occurs once, and it may also be mentioned that 
the atomic weight of nebulium has been determined by interference 
methods to be 2*7, and this is believed to indicate a real atomic 
weight of 3.^ 

It has been shown in support of the above theory that in the 
case of the elements with atomic numbers 81 to 92, the number 
of known isotopes in a pleiad and the character of the predomioaiit 
radiation show a periodic variation of the type to be expected 
from the theory.^ It appears that the isotopes of even-numbered 
elements are more numerous than those of odd-numbered elements. 
The former show a well-marked tendency to undergo disintegration 
with the emission of a-rays rather than of j8-rays. These facts 
accord with the hydrogen-helium hypothesis. 


P hosphorescence. 

An important paper has been published dealing with the 
phosphorescence of zinc sulphide, which especially treats of the 
effect of various impurities on the brilliancy and also on the nature 
of the illumination.® One statement in this paper is so categorically 
opposed to the now generally accepted theories of this phenomenon 

^ 0. Fabry and H. Buisson, Astropliys. J., 1914, 40, 256. 

® N. F. Hall, J. Amer. CJiem. Soc., 1917, 39. 1010 ; M., ii, -J3S. 

® Mis.s E. MacDougall, A. W. Stewart, and R. Wright, T., 1917, 111, 
603 ; A., ii, 471. 
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that it is worthy of careful consideration. In general, it might 
be considered that phosphorescence is a physical phenomenon, ahd 
hence can scarcel}^ find a place in a discussion of recent advances 
in inorganic chemistry, but the principle involved is one of great 
importance to inorganic chemists, and more particularly to those 
engaged in work on the rare earths. The statement in question 
is that pure zinc sulphide, when suitably treated, exhibits phos- 
23 horescence. Xow it would seem to be established beyond any 
c^uestioii of doubt by the work of Lenard and Klatt,' and by 
TJrbftin and Briining‘'"au3,^ that it is a cardinal principle of this 
phenomenon that no pure substance phosphoresces, and that phos- 
phorescence 13 essentially a property of diluted matter. The 
phenomenon of phosphorescence is one of the most valuable adjuncts 
to work on the rare earths, for it is one of the most stringent 
tests known as to the individuality of a rare earth. The method 
of work employed by the French school is the fractionation of a 
mixture of rare earths by some suitable method. The equivalents 
of the successive fractions SH-e determined, and these are plotted 
on a graph against the numbers of the fractions. As the work 
proceeds, the curve shows flat portions, due to the seiiaration of 
definite individuals or of mixtures which cannot be separated by 
the inethod adopted. In order to determine whether the frac- 
tious itith constant equivalents contain one individual or a mix- 
ture, their power of phosphorescing is tested. If any phosphor- 
escence is exhibited, then it is known that the substance is a 
mixture and not one single individual. It follows, therefore, that, 
if it be established that a pure substance can phosphoresce, then 
grave doubt is at once throwm on the whole of the work of the 
German and the French schools. Very great care should be taken 
to test in the most rigid v/ay possible the absence of any impurity 
before such a statement is made that pure zinc sulphide phos- 
jihoresces. As an example of the phosphorescence of a so-called 
jDure material may be quoted the case of lime prepared from 
calcite. It certainly might be thought that in this case the phos- 
phorescence is that of a pure substance. It was proved, however, 
that the luminescence is in reality due to the presence of traces 
of manganese. A second instance, now almost classic, is Crookes’s 
work on samarium and the citron band of phosphorescence. By 
the adoption of a suitable method of fractionation, it was found 
possible to obtain fractions which at first showed this band with 
increased intensity. A continuation of this sej^aration produced 
a material which suddenly lost its power of phosphorescing, a 

’ P. Lenard and V. Klatt, Ann. Physik., 1904, [iv], 15, 225, 425, 633. 

® G. Urbaiii, Ann. Chim. Phys., 1909, [vih], 18, 222, 289. 
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startling enough result until the explanation was forthcoming in 
that pure samaria does not phosphoresce. 

It would seem that in the case of the zinc sulphide the authors 
did not take any absolutely rigid precautions against the presence 
of any impurity in the samples examined. Possibly they were 
not aware of the fundamental importance of their statement that 
the pure zinc sulphide does show luminescence. It is to be hoped 
that this statement will not be accepted as proven until the most 
rigid precautions have been taken, and that the authors them- 
selves will be able further to investigate the phenomenon from 
the particular point of view of the total absence of all impurity. 
It would indeed seem that the variation observed by them in the 
phosphorescence caused by added impurity is in itself evidence 
that the luminescence is due to the presence of impurities hitherto 
unrecognised. 

This must not in any way be considered as an adverse criticism 
of the work under discussion, which in general forms a distinct 
contribution to the literature on the phosphorescence of inorganic 
salts. At the same time, the section of the paper dealing with 
the phosphorescence of pure zinc sulphide is so brief that one 
cannot believe that the authors were awmre that their statement, 
if true, would controvert the results of very many years’ work 
carried out with the most extraordinary care by the (Jerman 
physicists and the Prench chemists. 

Exactly the same criticism must be made of a similar statement 
regarding magnesium sulphide, and in this case the author claims 
specifically to have prepared pure magnesium sulphide and to have 
observed the phosphorescence.® The compound was made by pass- 
ing a stream of hydrogen and sulphur vapour over red-hot granular 
magnesium. In this way, a crude product was obtained contain- 
ing 30 to 50 per cent, of sulphur. The free metal in the crude 
sulphide was removed by distillation at 600 — 700° in the vacuum 
of a mercury pump, or by adding bromobenzene to an ethereal 
suspension, the sulphide being quite unaffected. Pure magnesium 
sulphide is stated to have been prepared in this way, but it is very 
questionable whether any trust can be placed in the statement 
that pure magnesium sulphide shows phosphorescence when such 
a statement is based on the phenomena exhibited by a compound 
prepared in the above way. In the first place, it is legitimate to 
ask whether the magnesium used was absolutely pure and whether 
the hydrogen and sulphur were free from all suspicion of impurity. 
What evidence is there that no impurity was derived from the 
bromobenzene or the ether in the one case or from the mercury 
» E. Tiede, Ber., 1916, 49, 1745 ; A., 1916, ii, 619. 
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Ill tills seLlioii. few papers have been published. Ephraim has 
extended his observations on the formation of addition complexes 
and their dissociation pressures, but consideration of these mat' be 
postponed untihthe theoretical developments are more complete. 

Mention may, however, be made of a paper on the structure of 
inoraanic compounds which presents points of some inierestd" 
The view had already been pnit forward that every element posse^^^C'- 
positive and negative affinity, and that atoms may be united to 
each other by one of these or by both at the same time. In the 
former case, ionisable atoms are formed, due to one aflinity being 
free and therefore able to combine with the >olvent. In the latter 
case, non-polar componv'ids are produced, such as methane and 
cai'bou tetrachloride. Since the elements, for example, copper and 
cobalt, do not combine With ammonia, they do not possess negative 
affinitjx On the other hand, in their salts, having lost electrons, 
they develop negative affinity, and hence they can combine with 
ammonia. The more electrons lost, the greater the negative 
affinity, this being shown by the fact that the cobaltic hexammines 
are more stable than the cobaltous hexammines, and that cuprous 
chloride only combines with three molecules of ammonia, whilst 
cupric chloride combines with six molecules of ammonia. In 
general, three types of chemical combination are recognised, 

(1) Combination due to the saturation of primary affinity only, 
wdiicli gives strong electrolytes. 

(2) Combination due to the saturation of secondary affinity only, 
which gives molecular compounds (polymerisation, etc.). 

(3) Combination due to the saturation of both primarv and 
secondary affinities, which gives non-polar coinjioiinds, such as 
methane and carbon tetrachloride. 

Positive and negative affinity are defined as the tendency to 
lose or gain electrons. Secondary affinity is that which is developed 
when the 2 iriinary affinity has come into play. The above three 
categories only represent extreme types, and most comjionncls take 
up intermediate jiositions between the three extremes. 

H. C. Briggs, T., 1017, 111, 2.7:1; A., ii, 274. 
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Colloids. 

Reference wad made in last year’s Report to a very interesting 
experimental method of determining the condition in which water 
exists in certain inorganic hydrogels, more particularly precipi- 
tated silica, alumina, and ferric hydroxide.^^ The water exists in 
one of three conditions, namely, free, combined, or capillary water. 
The method employed is to cool the gel under light petroleum in 
a dilatometer and to observe the volume changes^as the tempera- 
ture is lowered. As was pointed out, the free water freezes sharply 
at —6°, whilst the capillary water slowly freezes as '’the tempera- 
ture falls, and the combined water, of course, is without effect. Tf 
the free and capillary water can be determined and the total water 
content is known, the combined water can at once be found b}’- 
difference. Some further most interesting results’’'’ have been 
published which merit a description in some detail, the object of 
the extended observations being the ^iiore accurate determination 
of the combined water in the three hydrogels mentioned. The 
general method of investigation is simple. In the case of free 
water only, such as is realised hy wet sand, the dilatometer read- 
ings show a steady diminution in volume as the temperature falls 
to --6°, when there is a sudden expansion due to the freeling of 
the water. Further cooling causes a contraction, which is a linear 
function of the temperature. If the dilatometer is now again 
allowed slowdy to return to the ordinary temperature, the original 
readings are recovered. That is to say, the cooling and heating- 
curves are identical at —6° and below. On the other hand, if 
capillary water is present, this is not frozen at — 6°, but gradually 
freezes as the temperature is reduced. The result is that the cool- 
ing curve below — 6° is not a straight line, but is concave to the 
temperature axis. It is possible to recognise the point at ^vhicli 
the capillary water is all frozen by the cooling curve becoming a 
straight line. If the whole of the capillary water is frozen by 
cooling at —78° and the temperature of the dilatometer then 
allowed slowly to rise, the first portion of the heating curve is 
linear. If this straight portion be extrapolated np to the tempera- 
ture of —6°, the amount of capillary water is estimated from the 
difference between this extrapolated line and the cooling curve at 
— 6°. The free water is calculated from the expansion originally 
observed at — 6°. 

Three samples of precipitated aluminium hydroxide were used, 

H. W. Foote and B. Saxton, J. Amer. Chem. fioc.. 1016, 38. o.SS ; A., 
1916, li, 230. 12 Ihid., 1917, 39, 1103; A., ii, 30-t. 
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one wliieli liaci been digeeted wiili a large exce-s of water for 
twenty-four hours at 100*^, wliil-t the other two liacl iiot been so 
heated, and differed merely in the length oi time they had been 
kept. The fiist sample was exposed to ihe air uiitil ii was onlv' 
^lightly moist, and tvas then found to contain no capillary water 
and 3R per cent, of combined water. The other two 'samples con- 
tained a little capillary water and o7'S per cent, of combined water. 
The compound Al(OH )3 requires 34* 6 per cent, of water, and the 
excess of combined water must be in solid solution. 

The case of ^ferric hydroxide is more complex, for in general 
there is some uncertainty due to the presence of capillary water, 
which freezes only at very low temperatures. The combined 
water, found after heating the hydroxide ’with water at 100“ for 
twenty-four hours, corresponds with the enqiirical lormuhi 
Fe^O^j'd'dHoO. After three days' heating, the combined water fell 
to the amount coriesponding with the emjnrical formula 
Fe2O;j,0'53H2O. After twelve days’ heating, it was necessary to 
add a few drops of amaioiJia, so as to coagulate the gel, which 
then had the formula Fe^Oo.l'OdHoO. In this case, the repre- 
cipitation undoubtedly increased the combined water, which 
happens to be close to one molecule. Evidently the combined 
water is slowly given off, when the precipitate is heated with water, 
with no tendency tovrards simple ratios between oxide and water. 
It is difficult to avoid the conviction that no well-defined compound 
of precipitated feiTic oxide and water exists containing more than 
0‘5 mol. of water. When once dehydrated to this composition, the 
material shows no tendency to take up water. The evidence all 
points to a combination between ferric oxide and water in indefinite 
proportions, which is essentially a case of solid solution. 

The results with silicic acid which has not been heated give 
fairly constant figures, the combined water amounting to a little 
more than 30 per cent, (approximately SiO.^.l'oHiO). On digest- 
ing with water at 100°, the amount of combined ■water deci'eases 
until, after seven days, it reaches 23 per cent. (SiOo.tl^O). Again 
the results point to indefinite combination, that is to say, solid 
solution, 

A number of papers have appeared describing the preparation 
of inorganic colloids, and of these a few present considerable 
interest. One of these contains an extension of the nucleus method 
for the preparation of hydrosols, more particularly those of gold.’’" 
Solutions of colloidal gold, which are very uniform in size of their 
particles, may be obtained by the use of solutions containing gold 
nuclei, prepared by the reduction of slightly alkaline solutions of 
R. Zsigmondy, Zeitsch. cnionj. Chem., 1917. 99, IOj ; A., ii, 364. 
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golf] witli plics]iliom^^ Those imolei grow hy deposition and ilie 
lunnber nf particles is determined by the quantity of the nuclear 
solution Used. The H])ontaneoiis ftuinatiou f)f nuclei may he suji- 
pressed, witluuit hindering the growth, hy tlie addition of ammonia, 
potassium ferrooyaiiide, or pota^^siuni ferrieyanide, whilst the 
growth may be diminished, without appreciably altering the 
formation of nuclei, by the addition of aJkali haloids, hydrogen 
sulphide, or colloidal sulphur. A second method of procedure is 
to use a solution in which the growth is so rapid that the supply 
of gold is exhausted before the spontaneous formation of lUiclei 
lias become appreciable. Using water which has been di.stilled 
from potassium jiermanganate with a gold condenser, and adding 
the nuclear solution to the gold chloride before adding the hydr- 
oxylamine hydrochloride, with or without alkali carbonate, veiy 
clear, deep red solutions are obtained in which the number of 
particles is strictly proportional to the volume of the nuclear solu- 
tion used. Blue solutions are obtained when a larger quantity of 
alk,ali is used. Similar results are ffbta^iied with hydrazine, the 
addition of alkali being then unnecessary. These results have 
incle2oendently been confirmed.^^ 

Some work has been carried out recently on the oxidation 
reactions with solutions of potassium dichromate and potassium 
permanganate in the absence of acid. The reactions stuctied are 
those between stannous chloride and potassium dichromate, ferrous 
sulphate and potassium dichromate, ferrous sulphate and potassium 
permanganate, ferrous chloride and potassium permanganate, and 
in general the stoicheiometric relationshijis are the same as those 
obtained in the presence of acid. When potassium dichromate is 
added in the theoretical quantity to a solution of stannous chloride 
in the absence of acid, brown and greenish-blue gelalinous 
masses are formed, which dissolve to form a clear, dee}i olive-green 
solution when the whole of the jiotassium dichromate has been 
added. These solutions, which apjiear red by transmitted light, 
contain jiotassium and chromium chlorides, together with colloidal 
solutions of hydrated stannic and chromic hydroxides. On 
dialysis, a clear solution of the approximate comjiosition 
Cr.O^GSnO, 

is obtained, and this sol contains the whole of the tin and about 
one-half of the chromium used in the reaction. 

In the oxidation of ferrous chloride by jiotassium jiermanganate 

J. Reitslotter, Koll. Cliem. Beihefte, 1917, 9, 221 ; H., ii, 481. 

M, Ncidle and J. C. Witt, J. Ainer. Ohem. Boc., 1915, 37, 2990; 

1915, li, 780 ; ibid., 1910, 38, 47 ; A , 1919, ii, 256. 

AI Ni^idlo and J. N. Crombic. ibid., 1910, 38, 2907 ; J., ii, 99. 
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I'le collateial oxidation of tlie oliloride ion i.^- practically avoided 
by adding the permanganate graduaily and r-tiiring the ^oluticfn 
vicorotisly. The iiroducts of the reaction are the chlorides of man- 
ganese, potassium, and ferric iron, together with colloidal hydrated 
ferric oxide AYlieii ferrous sulphate is sub'-titnted for the ferrous 
chloride, the corresponding sulphates are formed and also hydrated 
ferric oxide, which is 23reci23itated by the .«ulphate ion. One gram- 
ecjuivalent of 23otassiuni ]3erinangaiiate, dissolved in about 600 c.c. 
of water, was slowly added to one gram-equivalent of ferrous 
chloi'ide, dissolved in about 1 litre of water, and the resulting clear, 
deep brownish-red solution diluted to 2 litres. This scdutioii 
remained 23ertectly clear for several weeks, then gradually became 
more and more turbid, until finally a suspeiidoii se23arated Until 
this stage is reached dialysis yields a perfectly clear, brownish-red 
hydrosol of hydrated ferric oxide. After the susiiension has settled, 
dialysis gives a hydrated ferric oxide hydrosol, wliich is slightly 
turbid ill reflected light, but 25erfectly clear in transmitted light. 
The turbidity which a232‘'<=‘ars ni standing is due to tlie hydrolysis 
of the ferric chloride. The terric ion protects the colloid against 
precipitation by the inaiiganese and potas.sinm chlorides. Hydro- 
lysis of the ferric chloride decreases the concentration of the ferric* 
ion, and, when this is reduced below the value necessary for pro- 
tection, the colloid coagulates. This coagulation i^, however, 
reversible, for the turbid mixture on dialysis yields a sol that is 
practically clear. 

Methods have been described for the ra23icl ]3re23a ration of tlie 
hydro.sols of ferric, alumiiiiuni , and cliromic hydroxides by dialysis 
at 75 — 80.^” The solution in a beaker is ke23t at the required tem- 
perature by a small flame, and a i^ai'climent bag is sus23euded in 
the hot lic^uid. This bag is made by tying the membrane to the 
flanged end of a glass tube, aud a current of water through this 
bag is maintained contiiinonsly. A general method for the 2n’e23ara- 
tioii of the sols is to dissolve the freshly precijiitated hydrated 
oxide in a solution of the chloride and to dialyse this mixture. In 
the case of alnininiLim and chromium hydroxides the solutions may 
be dialysed at once when hot, but, if it be desired to prepare the 
clear, brownish-red sol of hydrated ferric oxide, the solution must 
first be dialysed in the cold until no more iron passes through the 
membrane. The tenqieratuie may then be raised to 80° or even to 
the boiling iioiiit without affecting the nature of the colloid. If 
the solution is heated at the coiiiiiiencemeiit of dialysis the yellow 
ochre variety of colloidal ferric oxide will be formed. It. is found 
more convenient in 25i'e2>ai*ing the solution to add ammonia to the 


M. Ncidlc aud J. Barab, J. Amer. Chcm, Soc., 1017, 39, 71 ; M., ii, 2G2. 
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chlorides in insufficient amount to fonn a permanent precipitate of 
the hydroxide. In this way better yields of the colloids are 
obtained and their solutions are clearer. 

It was found that colloidal chromic and aluminium hydroxides 
pass through the membrane to a certain extent, so that the yield is 
considerably smaller than theory would predict. The actual yields 
obtained were: Fe(OH)^, 89‘9 per cent. j Cr(OH)a, 53'3 per cent.; 
A1(^0H)3, 41’3 per cent. As regards the time taken in the pre- 
paration of these sols by dialysis of hot solutions, it was shown, for 
exainiile, that the purity of the chromic hydroxide.,, sol obtained by 
dialysis of the boiling solutions in ten hours is greater than that 
obtained by dialysing a similar solution for sevent 5 ^-three days at 
the ordinary temperature. 

Iridium liydrosolsi® can be jirepared by reduction of alkaline 
iridium solutions with hydrogen, hydrazine hydrate, sodium 
formate, or formaldehyde in presence of sodium protalbate or 
lysalbate as protected colloid. A clear solution of iridium chloride 
obtained by the addition of hydrogen ciilorjde is added to a solution 
of the protective colloid when rust-brown or olive-green preci])!- 
tates of the protalbate or lysalbate are produced, the colour being 
dependent, apparently, on the amount of free hydrochloric acid. 
These precijiitates dissolve in sodium carbonate or hydroxide to 
form the blood-red hydrosols of iridium triliydroxide. With an 
excess of sodium hydroxide the sol becomes oxidised on exposure 
to air, giving the blue hydrosol of iridium tetraliydroxide. If the 
sol with sodium lysalbate as jiroteetive colloid is acidified, some of 
the lysalbic acid is left in solution and the gel is thereby eiiricherl 
in iridium. By redissolving this in sodium hydroxide and repeating 
the process a few time.s, a sol may be obtained which, on drying, 
contains as much as 73 per cent, of iridium. 

Group 1. 

All interesting series of papers has been published on the titra- 
tion of the phosphoric acids and the constitution of the alkali metal 
lihosjihates.i'-^ It is well known that the neutral point obtained in 
titrating phosphoric acid with alkali differs wdth the indicator 
used, it being believed tliat sodium dihydrogen phos])hate is neutral 
to methyl-orange and that disodnini hydrogen phosphate is neutral 
to plienolphthalein. It is found, however, if the titration is carried 
out at the ordinary temperature, that this is far from correct. On 
the other hand, the values obtained iu the titration vary consider- 
ably with tlie temperature, and it is ,shown that at a temperature 

IS C. Paal, Ber., lUlT, 50, li, STo. 

J, H. Smith, J. Bog. Chem. £nd., 1917, 36, 115 ; A., b, 309. 
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of 53" the neutral i^ohits observed a^ree very closeiv with the 
quantitative formation of the two salts, sodium dihydrogen ph!!)S- 
phate and disodium hydrogen phosphate. A method of volumetric 
analysis was devised, by means of which it is possible to calculate 
the percentages of practically all the phosphoric acids and their 
salts, that may exist together ixi a compound, including the carbon- 
ates and the free alkali tliat may be pn-esent with them. The appli- 
cation of this method to tlie analysis of ordinary commercial phos- 
phates has led to an investigation of the alkali metal phosphates. 
A specimen of ordinary sodium phosphate was found to contain 
Na.^HPO^^: 3S'Q2, ]Sra3P04 = 2'41, H20 = 59’57, whilst theory re- 
quires ]SraoI-iP04 = 39'64 per cent. Some clear crystals of trisodium 
phosphate contained ]Sra3PO4 = 41‘90, NaoO = 2'6l, XaoCOorrO'dd, 
PPO^ 55*43, whilst- theory requires Na^PO^ =43*13, H2Q = 56*87 
per cent. 

It might be assumed that in preparing disodium hydrogen phos- 
phate, if the theoretical amount of orthophosplioric acid and sodium 
hydroxide were brought too ether in solution, there would be no 
difficulty in obtaining the pure crystallised salt. This %vas found, 
however, not to be the case, and crystallisation can only be induced 
by the addition of a few crystals of the commercial salt. An analysis 
of the product showed that it has a molecular composition of 
93'93!M'a2HPO4,6*07Na3PO4.. In the second preparation when the 
crystals were dried at 110*^, the composition ivas 
94*5Na2B[P04,5*5Na3P04, 

Commercial disodium hydrogen phosphate has a similar 
composition which approximates to 17Na2HP04,lSla;.P04. Crys- 
tals can also be obtained with a greater proportion of 14a3p04. and 
the following have been identified: 8Na>HP0j,Na3P04 j 
6 Na,HP 04 ,Na 3 P 64 ; 

3Na,HP04,Ka3P0t ; 3ICa2HP04,2Xa .PO.. 

In the case of sodium dihydrogeii phospliate, it is possible to 
prepare this salt in a jmre state by bringing together the theoreti- 
cal amounts of orthophosplioric acid and sodium hydroxide and 
by concentration of the I’esulting solution. 

Difficulties were also found in the preparation of trisodium phos- 
]>hate. On bringing together the theoretical proportions of acid 
and alkali hydroxde, followed by considerable concentration, crys- 
tals are obtained having a constitution Na3HP04,2Na3P04. The 
mother liquor, on further concentration, gave crystals of the com- 
position ISNagPO^jIsaiO, the water content in each case not being 
determined. By using a slight excess of sodium hydroxide over 
the amount required by theory, the crystals which first separate 
have the composition 17*5Na3P04,Na20, and it is believed that the 
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correct molecular compoyitiou of this salt is represented by 

lSKa;,PO.t,Kap. 

A new jDliospliate of sodium, Xa^P,;0|7, is also described, contain- 
ing a inucli liig-lier proportion of acid oxide tliani is represented by 
sodium diliydrogen iihospliate or inetapliosphate. The new salt is 
readily prepared in an impure state by evaporating mixtures of 
sodium hvdroxide or carhonate with phosphoric acid in sufiicient 
excess, and igniting the residue. Any excess of the acid is vola- 
tilised during tlie ignition, so that ttie proportion of acid is tlie 
highest with which sodium oxide is capable of combining to form a 
salt stable at a red lieat. The salt forms a fused, glassy mass, 
which dissolves slowly in cold and more readil)/ in warm 
Avater. The solution is nearly neutral to both methyl-orange and 
phenolphthalein. On prolonged boiling with water, it is converted 
into sodium metaphosjihate and free orthophosplioric acid. Tn the 
presence of free mineral acid sodium orthophosphate is formed. 

A remarkable property of this salt, to which the name of sodium 
polyphosphate is given, is its exceedingly energetic corrosive action 
on glass, porcelain, and even platinum and silica vessels. This 
action is, naturally, most iiroiioimced at the high temperature of 
fusion, when the glaze of porcelain vessels is readily attacked. Silica 
vessels are also sensibly attacked, and silica enters into the coin- 
2 iosition of the resultant salt. A jhatiiium vessel was stnoiigly 
attacked, becoming brittle in tlie places where it had been in con- 
tact with the fused salt. In the case of a nickel vessel the residue 
consisted entirely of a mixture of sodium and nickel jiyrophos- 
pliates. This corrosive action renders it almost imiiossible to 
prepare the salt in a inire condition 

Some furtlier work may be noted on silver jieroxynitrate,'^** wliicli 
has. been tlie subject of very many investigations in the jiast. When 
an aqueous solution of silver nitrate is electrol^rsed between 
insoluble electrodes, silver is deiiosited at the cathode and silver 
peroxynitrate at the anode, there being presumably a simultaneous 
formation of nitric acid. Both deiiosits are ciystalline, and tlicy 
grow rapidly towards one another in arborescent crystals. The 
anode crystals .soon become detached, and they are then attacked 
bv the free nitric acid and pass into solution witli the liberation 
of gas. The comjoosition of these crystals is doubtful, many views 
having been e.xpressed. Exjieriments are now describerl in wbich 
the electrolyte is kept in continuous circulation, and the decom- 
posing action of the nitrh- acid is avoided by means of suspended 
.silver carbonate. Two streng’ths of solution were uhc< 1, namely, 
one containing 5 per cent, and the other 20 jior cent, of silver 


M. J. Browa, J. Phymcul Chan., lOlU, 20, 080 ,• A., ii, 88. 
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ajjpdrenlly no relation listweea ilip i^nc^llal!otl^ in liie roiiloiaeter 
ratio and the silver oonlent. The compound cannot be a pure oxide, 
Ijecau-'G llie ox'ides uj) to A&>0, Itave too h.ioli a silver conteni, and 
Ag^Oj has far too low a couloineter ratio; iieitker can it be a 
liydrated oxide of definite composition. The deteriniiiations ag'ree 
with the formula 2AgpO{,AgisrO,., which requires 79 9 per cent, for 
tlie’ silver content ar^l 2‘97 for the eonlonieter ratio. Tlie ^niall 
differences between the calculated and observed values are probably 
due to secondary disturbances. 

Ill the rhythmical precipitation of silver chromate by means of 
ammonium dichromate the small eiwstals of ammonium nitrate, 
which also separate rhythmically, are coloured by silver chromate, 
being yellowish-oreen to red, according to the concentration. 
Similar coloured crystals are obtained when a solution of ammonium 
nitrate containing a little ammonium dicliromate is mixed with a 
drop of silver nitrate and allowed to evaporate on a class slide. 
Both silver chromate and dicliromate can take small rpiaiitities of 
ammonium or potassium nitrate into solid solution. The colour of 
jiure silver chromate is always greeiiisli-hlack. ami the red sub- 
stance usually supposed to be a separate modification is a mixture 
of silver chromate and the solid =!olutioiis with the nitrates. 

Certain double fluorides of rubidium and csesium with the metals 
of tlie fourth group have been prepared and examined.-- The 
general method is to add the alkali carbonate to a solution of the 
quadrivalent metal oxide in hydrogen fluoride, but in the case of 
lead the solution of the a,cetate in hydrogen fluoride was used. The 
resulting solutions give characteristic crystals of the double salts 
on being alloived to remain. The following salts are described : 
Rb.SiiF,., Cs,SnFc, Eb^PbF,,, CsdPhF,,. Bb,GeF,.„ and Cs.GeF,.. 

Potassium staiiiiichloride can conveniently he prepared by the 
oxidation of the ^taiiiiochloride by iTiea.iis of chlorine.-^ A concen- 
trated solution of the salts in the molecular joroportion of two parts 
of potassium chloride and one part of stannous chloride is prepared 
with the addition of a few drops of concentrated hydrochloric acid. 
A slow stream of chlorine is passed in for about three hours, when 
the solution is treated with a little coAcentrated hydrochloric acid 
and slowly evaporated at 50 — 70° for about two hours. After some 
time crystals of the stannichloride separate out. The method was 

F. Kohler, Zeitsch. anorg. Chem., 191C, 96, -07 ; J., li, 32, 

“ A. .Skrabal and J. Gruber. Monatsh., 1917, 38, 19 ; A., ii, 263. 

23 J. O. F. Druce, T., 1917, 111, 416 ; A., li, 309. 

C* 



42 ANNUAL REPORTS ON THE PROGRESS OF CTIEMLSTRV. 


tested with mixtures of potassium chloride and manganese, chloride 
aiTd of potassium chloride and lead chloride, but without success. 

Group JJ. 

The melting point of glucinum has been determined and foiiml 
to be 1278‘^±5°.“^ The element, prepared electrolytically from 
sodium glucinum fluoride, was pressed into pastilles and fused in a 
magnesia tube in hydrogen. The product contained 99 '5 per 
cent, of glucinum, the principal impurity being the carbide. ,The 
melting point was found from the heating and cooling curves. An 
approximate determination of the heat of fusion gctve 277 cal. 
per gram. 

The literature contains many references to the preparation and 
properties of zinc peroxide and its hydrates, and some fuither 
work is to be added to the list.^^ The addition of a solution of 
zinc sulphate to excess of a solution of sodium hydroxide containing 
hydrogen peroxide gives a quantitative precipitation of the zinc as 
hydroperoxide. A more convenient method was found to be as 
follows. Freshly ignited pure zinc oxide wa.s left for several hours 
with the calculated quantity of 30 per cent, hydrogen peroxide 
solution at ~ 10°. A product was obtained which above 2° formed 
a pasty mass, and when dried on a jiorous plate at 35 — 40° over 
soda-lime was obtained as a white powder. It contained 8*04 jier 
cent, of active oxygen and corresponded almost exactly witli tlie 

composition 2ZnO.H-,Oo or Zn20<CQg^. Towards water, alcohol, 

or ether at the ordinary temperature it is quite stable, and is only 
slowly decomposed by 2iY-sodium hydroxide. It does not appear, 
however, to be a simple chemical individual, since by trituration 
with water it can be separated into fractions containing varying 
quantities of active oxygen. Similar products are obtained by 
boiling zinc carbonate with excess of 30 per cent, hydrogen peroxide 
solution. 

It is concluded that zinc perhydrate generally consists of a mix- 
ture of substances derived from Zn(OH )2 and 0 (ZnOH) 2 , the hydro- 
peroxides being of the types OH*Zu*0*OiI and 
Zn(0H)-0-Zn-0-0H. 

By a study of the equilibrium relations in the ternary system 
formed by the alkaline earth metal haloids, the corresi^onding hydr- 
oxides, and water, certain basic haloid Salts of these metals have 
been investigated. The basic salt, CalojSCaO, 161120, is stable in 

G. Oesterheld, Zeitsch. anorg. Ghem.^ 1916, 97 , 1 ; d., ii, 89. 

F. W. Sjostrom, ibid., 1917, 100, 237 ; A., ii, 533. 

J. Millikan, Zeitsch. physihal. Chem., 1917, 92 , 59 ; A., ii, 257. 
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contact wiirji solutions oonlaiuing from 2S‘4-i to u6‘63 per oent. ci 
c-alcinm iodide. The only basic chloride oi strontium has iftie 
composition j3rC]^,Si0,9H20, and tins only exists in contact witli 
-olntion at temperatures above 20‘o-'. Strontiiim bromide andt 
fetrontium iodide respectively lorm ihe two basic srlrs 
.SrBis,Sr0,9H,0 and SrL,2SrO,9HoO. 

The basic i^iiospliates or calcium have also been studied by a 
similar method, this work being the fourth contribution to onr 
knowledge of the calcium phosphates by the same author.-" The 
23resent investigation deals with the region lying between those 
which are characterised by the existence of dicalcium hydrogen 
phosphate and calcium hydroxide as stable solid j^hases, and tlio 
observations were made at 25°, 100°, and 170—200°. Two, and 
only two, jihosphates of calcium more basic ilian dicalcium jdios- 
pliate exist, which can be in stable equilibrium with an aqueous 
solution at 25° and, probably, at any temperature. Tliese are tri- 
calcium phosphate, Oa^P^Oj, and hydroxyapatite, 
'CCaa?20,)>Ca(OH)V 

There is no evidence for the existence of phosphates between dical- 
cium hydrogen phosphate and tricalcium phosphate, or of the 
formation of solid solutions.^s. 2i> Hydroxyai^atite is the only stable 
solid iihase over a range of acidity of great practical importance, as 
it cai exist in contact with faintly acid, neutral, or alkaline solu- 
tions. It is probable that this comjiouiid is the only calcium phos- 
phate that can permanently exist under normal soil conditions. 
The importance of hydroxyapatite is obvious in relation to the 
nature of bone phosphate, and this is considered to be a mixture of 
hydroxyapatite and calcium carbonate with small amounts of 
adsorbed bicarbonates of sodium, potassium, and magnesium. 

A study has also been made of the ternary sj'steni CUSO4-CUO- 
IPO with the object of ascertaining the cause of the varying com- 
position of the mineral brochantite.^^ Series of observations were 
made at 25°, 37*5°, and 50°, and it was found that in all proba- 
bility the solid basic substances obtained are not definite com- 
pounds, but are rather to be regarded as a three-component system 
in which all three comjionents (CuS'04, CuO, HoO) are continuously 
variable within certain limits. The maximum number of molecules 
of CuO that can be taken ujd by one molecule of CUSO4 is two, and 
the formula for the most basic salt is probably CuS04,2CuO,2H20. 

S'? H. Bassett, jiui., Zeltsch. anorg. Gliem., 1907, 53, 34. 49 ; 190S. 59, 1 ; 
A., 1908, ii, 67i) ; T., 1917, 111, 620 ; A , ii, 413. 

=8 F. K. Cameron and A. Seidell, J. Anier. Chem. Soc., 190o, 27. loOS ; 
A., 1906, ii, 163. 

2 ® F. K. Cameron and J. M. Bell, ibid., 1512 ; .4., 1906, ii, 164. 

S. W. Young and A. E. Steam, 1916, 38, 1947 ; A., 1916, ii, 021. 

c’*' 2 



44 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 


Til aeneval, the experiments indicate the existenre of a series ol 
metastahle sulphate'--, and go to show that it i--! to he expected tlia! 
Inoc-liaiiilte would evidence varialile conr|i.wit ion aci-ordina; In llie 
Londdioiis of its formation. 

('adinium nitrite-'^ lias lieen prepared hy trituration of pure 
reLi-ystallised cadniinni cliluride and silver nitrile in a mortar, 
water being added from time to tune until the filtrate gave no 
indication of excess of either of the iiarent substances. On evapora- 
tion in a vacuum over sulphuric acid, bright pale yellow crystals 
were obtained with the composition CdfNp,'))- heatings, this 

salt begins to decompose slowl}’’ at 150°. As nitric oxide is tlie chief 
gaieous product, the mam portion of the salt evidently decomposes 
according to the equation 3Cd(K02).2— 2CdO -+■ Cd(N’0;d2 + ^INO. 
since the brown residue was found to be cadmium nitrate mixed 
with cadmium oxide. A parallel decomposition also takes jilace 
according to the equation Cd(N02V2 = Cd0 -t-NO -J- NO2. The solu- 
tion obtained by the interaction of zinc sulphate and barium 
nitrite evolves nitric oxide when concentrated by evaporation, and 
the residue consists of basic zinc nitrate. 

The compound, gluciuum metavanadate,-^- G1(V03).2,4H.20, has ^ 
been prepared hy boiling equimolecular solutions of glucinum hydr- 
oxide and vanadium pentoxide with water for about one hour,' after 
which the solution was filtered and concentrated. This, wldle hot, 
was poured into a large volume of 95 per cent, alcohol, when a 
copious deposit of yellow particles was produced, which in twenty- 
four hours had settled to a voluminous layer of yellow crystals. 
The salt is sparingly soluble in cold water, but readily so in hot 
water. It is practically insoluble in chloroform, ether, or absolute 
alcohol, but is soluble in pyridine to about the same extent as in 
water. The crystals lose the whole of their water of crystallisation 
over sulphuric acid. 


Crotiji 111. 

An alkaline solution of gallium hydroxide in sodium hydroxide, 
oil electrolysis at the ordinary temperature, usually depo.sits 
gallium as liquid globules on the cathode. It is found, however, 
that such a solution, after separation of the indium, on electrolysis 
at 0°, deposits the metal in black, arborescent forms. These 
gallium trees are hard and are permanent so long as they are kept 
at a temperature 10° below the melting point. Although black 

P. G. Ray, T., 1917, 111, 159; A., ii, 208. 

32 P. K. M. P. Brinton, J. Ainer. Chcm. Soc., 191(3, 38, 2;l()l ; A., li, 82 
32 H. iS, Uidvr and P. E. Browning, Anie>. J. ScL, 1016, [iv], 42, 389; 
A., ii, 34. 
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in external appearance, they present, when cm. the usual siiverv 
lustre of pure gallium. When placed in water, gas is slowly 
evolved, and the metal becomes coated with black, grey, and white 
patches. A specimen of electrolytic gallium containing a trace 
of zinc was purified by heating the metal in a current of rlrv 
hydrogen at a dull red heat, when the whole of the zinc sublimed. 

The separation of gallium from indium may be effected (i) bv 
solution of gallium hydroxide from the mixed hydroxides by sodium 
hydroxide, (li) by crystallisation of the ammonium alums from 
70 jier cent, aloohol, mnd (lii) by crystallisation of the ctesium 
alums. A gallium preparation containing 10 per cent of indium, 
w’ltli traces of zinc, copiier, and lead, was practically pure after 
ten crystallisations of the caesium alums. 

A continuation of the investigation of the action of acids on 
aluminium may be noted.^-^ The jirevious experiments dealt with 
nitric acid, and the new investigation deals with acetic acid at 
varying concentrations and temperatures. The aluminium, con- 
taining A1 = 99T, Si — 0‘4?5, ?’e = 0'45 per cent., was used in the 
form of thin, rolled strips, which were generally annealed before 
use. The surface of the metal was cleaned with sodium hydi oxide 
and washed with dilute nitric acid before each e.xperiment. 

Ill the case of boiling dilute acid, the rate of dissolution rises 
continuously until the concentration of the acid falls to 1 per cent. 
The dissolution is greatly affected by the pioducts of the inter- 
action, the disturbance growing very rapidly with increasing dilu- 
tion. A definite reason cannot yet be assigned, but it has been 
found that acid which has become highly active can be distilled 
without losing its activity. Solutions of acid which have been 
boiled in contact with aluminium become turbid after a period, 
and the nature of the turbid solutions varies in the different cases. 
With acidb of concentration between 60 and 5 per cent., the 
turbidity appears to be due to the separation of basic acetate or 
acetates of aluminium. In the case of acids of about O' 2 per cent, 
concentration, the turbidity may be due to the formation of a 
colloidal solution of aluminium hydroxide. Solutions coutainiiig 
between 5 and 0'2 per cent, of acetic acid yield turbid solutions 
of an intermediate character. 

Except in the case of the anhydrous acid, aluminium is uniformly 
attacked by boiling acetic acid at all concentrations, no evidence 
of local action having been observed. 

In general, aluminium is only slowly attacked by cold acetic 
acid, the rate of dissolution increasing with increasing dilution of 
R. Seligmaa and P. William-^, J. Soc. Chem. IncJ., 1917. 36. 409 ; .4., 
li, 317. 35 jfyid., 1916, 35, 665 ; A., ii, 435. 
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tlie acid, llie highest rale ao far ohserved occurring with an acid 
containing 0-02 per cent, acetic acid. The rate is frequently high 
at first, but rapidly falls, and then remains constant over long 
periods. In most cases the attack is uniform, but local action has 
been observed at concentrations between 70 and 95 per cent,, and 
in cases in which the metal has been allowed to remain in contact 
with thin films of dilute acid, which have thereby become subjected 
to extensive aeration. 

The action of boiling acetic acid (about 10 per cent.) on 
aluminium is practically unaffected by the a<lditioi<" of up to 1” per 
cent, of sodium chloride, potassium bromide, iodide^ or nitrate, 
whereas an equivalent amount of sodium sulphate raises the rate 
of dissolution appreciably. With the cold acid, on the other hand, 
the rate of dissolution is increased tenfold by 1 per cent of sodium 
chloride, whereas potassium bromide affects a smaller increase, and 
potassium iodide and nitrate are without action; 0’5 per cent, of 
sodium sulphate causes a fourfold increase in the rate of dissolu- 
tion. The most serious effect of the*" addition of substances was 
noted in the case of the boiling 80 per cent. acid. Here the rate 
of dissolution is raised by 1 per cent, of sodium chloride from 290 
to 16,000, by 1 per cent, of potassium bromide the rate is only 
increased from 290 to 485, whilst potassium iodide and potassium 
nitrate are practically without effect. Sulphuric acid (0'5 per 
cent.) in the form of sodium sulphate somewhat increases the rate 
of dissolution. 

Ill the Report for 1912, reference was made to the existence of 
borohydrates which possess very interesting properties.-^^ Some 
further work has been carried out on these substances and may 
briefly be described, especially as some of the original conclusions 
have been modified. The new experiments show that when a 
mixture of 2‘25 parts of magnesium powder and 1 part of 
anhydrous boric acid is heated in a current of hydrogen until the 
reaction is complete, solutions are obtained by treatment of the 
product with water which are free from boric acid and magnesium 
borate, and contain only substances which are described as boro- 
hydrates. The main product of the action of water is an insoluble 
compound of magnesium oxide with a borohydrate, reaction taking 
place in accordance with the equation 

MgaB-.-P 6H20 = Mg3B.(0H),q- 3H,. 

The soluble borohydrates and gaseous compounds of boron and 

M. W. Travers and R. C. Rey, Proc. Roy. Soc.. 1912 ; [A.], 87, 163 ; J., 
1912, ii, 93S. 

M, W. Ti'avers, X, M. GuiDta, and R. C. Rev, Pamphlet, 1916, p, 4G ; 
A., ii, 307. 
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hydrogen, which are also formed, are attributed to secoiidarv 
reactions. 

The solutions of borohydrates are unstable, but the stability is 
increased in presence of traces of ammonia. On the addition of 
acids to the solutions, hydrogen is evolved, and the acid solutions 
decolorise iodine Analyses and molecular weight determinations 
indicate that the mean composition of the borohydrates is repre- 
sented by HqBoO.j. When the solutions are evaporated to dryness 
and the residue heated, a mixture of the oxide, B^O^, with mag- 
nesium oxide is obtained. 

If the mixture of magnesium boride and boric acid is insuffici- 
ently heatea, or if excess of boric acid is employed in preparing 
the mixture, the solutions obtained bj’- the action of water differ 
from those described above in that they contain magnesium borate 
and boric acid, as well as one or more borohydrates, 

When magnesium boride, after prolonged treatment with water, 
is acted on by strong ammonia, a solution is obtained which does 
not lose hydrogen when kept in an exhausted tube and does not 
oxidise in contact with the air. On addition of acids to this solu- 
tion, hydrogen is rapidly evolved, and the acid solution reacts with 
iodine. When the solution is evaporated to dryness at low tempera- 
ture in a vacuum, a white, crystalline residue remains, which gives 
off hydrogen when heated and is transformed into the oxide, B 4 O,-,. 
This oxide dissolved in water with the formation of a yellow solu- 
tion, which rapidly absorbs oxygen in contact with the air, the 
reaction being represented by the equation 

2B4O5 + O. -h I2H3O = 8B(0H)3. 

Molecular weight determinations of the substance in the 
ammoniacal solution prepared as described above seem to show 
that the compound has the formula When 

ammoniacal solutions of the borohydrates are evaporated to dry- 
ness and treated with water, a small quantity of insoluble residue 
is left, which appears to be a hydrared derivative of an oxide 
containing less oxygen than those previously referred to. 

In discussing the above results, the work of Stock and his pupils 
may be recalled on the hydrides of boron obtained by the action 
of acid on magnesium boride. This work was described at some 
length in the Reports for 1912, 1913, 1914, and 1915. 

Group IV. 

An improvement in the method of the jDreparation of carbon 
suboxide has enabled this gas to be prepared in large quantities, 
with the result that the physical constants have been determined 
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with greater accuracy than has previously been possible."*" The 
'“pocfi* yields usually obtained by the action of phosphoric oxide on 
maloiiic acid are largely due to the polymerisation of the suboxide 
under the catalytic action of the phosphoric oxide. If the sub- 
oxide is lemoved rapidly by carrying out the reaction in a good 
vacuum and condensing the product by means of liquid air, a 
volume of the gas corresponding with as much as 25 pei cent, of 
the malonic acid can be obtained The melting point of carbon 
suboxide is and its boiling point 6°, and the vapour 

pressure at 0° is 587 — 589 mm. The gas is^very ^-eadily soluhle 
ill carbon disulphide or xylene. It is interesting to note that the 
polymerisation of the gas to the red substance, which is soluble in 
water, is catalysed remarkably by the polymeride itself. The gas 
may sometimes be kept for days, but as soon as polymerisation 
sets in, it completely disapiiears within a day. In contact with 
phosphoric oxide, the gas jiolymerises within a fraction of a minute. 

Carbon 3 d sulphide can be prepared by the action of hydro- 
chloric acid on commercial amnioiiiuin- tlpocarbamate, according 
to the equation NH.yCO-S-OTt-f 2HCT==COS-P 2NHiCl. The gas 
is purified by being bubbled through a 33 per cent, solution of 
sodium hydroxide, which absorbs carbon dioxide and hydrogen 
sulphide, after which it is dried by means of calcium chloride and 
phosphoric oxide ; it is then condensed by means of liquid air,' and 
filially fractionated. The gas is fairly readily soluble in weaker 
solutions of alkali hydroxide, but only .slowly dissolves in a 33 per 
cent, solution. It is odourle.ss and is slowly decomposed by water, 
but in the dry state it is permanent even in sunlight. One pail 
of water dissolves 0*54 vol. at 20°, and one part of alcohol and 
one part of toluene at 22° dissolve 8 vols. and 15 vols. respectively. 
It has 1 . 94 , ni p. -138*2°, b. p. -50*2°/ 760 mm. 

A considerable amount of work has been done on zirconium 
dioxide and zirconium salts. The possibility of the use of the 
dioxide as the basis of glazes for metal ware and of scientific 
aiiparatus has long been recognised. As regards its use in making 
apparatus, difficulties have been found in that cracks readily 
develop in the finished articles. If, however, the dioxide is first 
melted at a very high temperature and the solidified fusion finely 
ground, the powder so obtained can be used for making apparatus 
similar to porcelain ware, for the apparatus is perfectly sound and 
does not develop cracks The melting point of pure zirconium 
dioxide is about 3000°.^“ 

A, Stock and PI, Stoltzenberg, Ber., 1017, 50, 108 ; A., li, :H)8, 

A. Stock and E, Kuss, ibid., 159 ; A., ii, 305. 
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Other experimciily have been made on the fusibility of mixtures 
of zirconia with other oxides. Zirconia containing 9S'73 jDer cent, 
of ZrO,, the remainder being SiOj and Fe_,Oj, melts at 2563 ±10°. 
Glucina, alumina, yttria. and thoria are suitable for addition to 
zirconia, causing little volatilisation at high temperatures, whdst 
magnesia causes fuming and silica lowers the melting jmint 
excessively. For the preparation of crucibles, the addition of 
1 per cent, of alumina is recommended for use at 2000°, 1 per 
cent, of thoria for use at 2200°, and from 1 to 3 per cent, of vltria 
for use at 2-100°. The addition of larger quantities increases the 
porosity and has no advantage. 

It appears ihat the hydrate of zirconium fluoride does not 
possess the usually assigned composition ZrF„3H_,0, but i- really 
a hydrate of acid zirconyl fluoride, Zr0F_.,2IiF,2H._,0.‘- The 
arguments are based on the fact that this compound at 140° in 
dry air loses 2 mols of water, giving the anhydrous acid fluoride, 
which when heated above 1-10° in air Ic.-'Cs 2 mols. of hydrogen 
fluoride, giving zirconyi fluoride. ZrOF.,. This compound when 
cold reabsorbs 2 mols. of hydrogen fluoride. The anhydrous normal 
zirconyl fluoride may also be obtained by crybtalli^illg the hydrateil 
acid fluoride from dilute aqueous solution and drying the jnn- 
duct. ZrOF_,,2HoO, at 120°. If the anhydrous or hydrated acid 
fluoride is heated at 200° hi an atmosphere of hydrogen fluoride, 
zirconium fluoride is obtained which, in the cold, absorbs hydrogen 
fluoride, probably to form fluozireonic acid, H.^ZrF,,. 

Somewhat analogous relationships are exhibited between the 
bromides of zirconium. By the evaporation of a solution of 
zirconium hydroxide in hydrobromic acd on a water-bath, the 
hydrate of zirconyl bromide, Zr0Br2,8TL,0, is obtained. Tins 
compound, when dried in a vacuum or in a current of dry air, gives 
the hydrate, ZrOBiq.o'oH-iO, which is stable up to 60 — 70°. Above 
this temperature, it loses both v^ater and hydrobromic acid, giving 
the compound ZrOBiq,ZrOj. This basic bromide is also slovdy 
deposited from an A/lOO-soIutioii of zirconyl bromide on long 
keeping. By the addition of ether to an alcoholic solution of 
zirconyl bromide, the componiid, ZrOBr 2 ,ZrO._>, 2 H 20 , is obtained. 
In a current of hydrogen bromide at a red heat, the basic bromide 
is converted into zirconium bromide, ZrBiq. 

By mixing varying molecular proportions of zirconium oxide and 
sulphuric acid and drying the products at 200°, a series of sub- 

O. Euff and CJ. Lansdike, Zcitsch. tiiionj. (.'hem , 1910, 97, '731 ; .1 , 

ii, 95 

E, Chduvcnet, Comjjt. fcnch, 1917, 164 , 030. 727, 810, 804, 046; d , 
ii, 264, 321, 322, 374. 
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Ktaiices lias been obtained the composition of which, by the method 
of 'densities, appears to be Zr(S04)-), Zr(S04).2.Zr0,, 
5Zr(SOj2,7ZrO. 

3Zr(S04)^,oZrOj, Zr(S04).2,2Zr0.2, Zr(S04)2,3Zr02. It would seem 
more probable, however, that these are in reality zirconvl sulphates. 

A new class of basic salts of zirconium has also been described.'^"' 
A basic sulphate of this element, of indefinite composition, is pre- 
pared by partly neutralising an impure dilute solution of zirconium 
sulphate in sulphuric acid with ammonia This basic sulphate is 
readily decomposed by aqueous ammonia iy the cold, giving a 
hydroxide readily soluble in acids. By the crystallisation of its 
solution in hydrochloric acid, an oxychloride is foimecl, which is 
not a uniform substance. By recrystallisation of this oxychloride 
from hydrochloric acid, it is separated into two salts, the normal 
oxychloride, Zr0C1.2,2H20, and the new compound, Zr50gCl4,22H20. 
This new oxychloride is a crystalline salt, very readily soluble in 
water, and can be recrystallisecl unchanged from hydrochloric acid 
solution. 

Soluble sulphates precipitate from solutions of 5 : 4 -basic 
zirconium chloride an insoluble sulphate, Zr-0g(vS04)2,.'cH.20, where 
.r is probably 14 . This is a non-crystalline compound, soluble in 
concentrated sulphuric acid. Corresponding with the 5 : 4 -chloride 
and the 5 : 2 -sulphate is a hydroxide prepared from either of'' these 
by the action of ammonia. It is distinct from normal zirconium 
hydroxide, since, when redissolved in hydrochloric acid, it forms 
the o: 4 -basic chloride. From analogy, its composition is given as 
Zr-,Og(OH)j. It is suggested that the new salts have structural 
formulae of the type Zr(0’Zr0'Cl)4, w’hich ivoiild account for their 
remarkable stability. A basic sulphate is also described, produced 
by the addition ot sulphuric acid to a boiling solution of zirconium 
oxychloride. Zr 0 Cl 2 , 8 H 20 . This apjiears to have the same com- 
position as the 5 : 2 -sulphate, although it is otherwise distinct 
therefrom. Evidence was also obtained of yet another oxychloride 
of zirconium. 

The very remarkable analogy between the above new salts of 
zirconium and those of tin has not been commented on by the 
author. It may he pointed out that there is a basic chloride of 
tin, prepared from metastannic acid, which has the com- 

position Sn50gCl4,7H20, and is clearly the analogue of the new 
zirconium oxychloride. At the same time, the / 3 -stannic hydr- 
oxides and chlorides do not appear properly to have been system- 
atised. Metastannic acid is usually considered to have the com- 
position H2 Sii,504i, 4H20, owing to the fact that the metastannates 
H, Rodd, T., 1917 , 111 , 396 ; A., li, 322 . 
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have the composition M'jSii^On.lH.^O. This form gives rise to 
the oxychloride Sii509Clj,4H.20 (metastauiiyl chloride). On the 
other hand, the oxychloride Sn30sCl4.7H._,0 must be derived from 
a metastannic acid of the composition 1148115042. SH^O, and this 
would be the analogue of the new zirconium h3’^droxide. Judging 
from analogy, therefore, it would seem that the conclusion that 
the new zirconium hydroxide has the composition H^Zi'jOjo is fully 
justified, although perhaps it inav be combined with three mole- 
cules of water. 

Again, b\" hpiling jnetastannic acid with water, parastaniiic acid 
is obtained, and the comjDositiou of this is usualh’- represented as 
H2Sn5044,2H20, since it gives an ox\"chloride with the composition 
Sn50yC1.2,2H20. The ratio between tin and chlorine is the same 
as in metastannyl chloride, but the properties of the two oxy- 
chlorides are different. The suggestion nia,y be made, therefore, 
that the second nev/ basic zirconyl sulj^hate is related to the first 
in exactly the same way as parastaniiyl chloride is 1 elated to meta- 
staiinyl chloride. 


Group r. 

A method is described for the jireparatioii of jDure bismuth from 
the pommerciall}’’ pure metal.^- The nitrate, if already of fair 
purit}^ is dissolved in half its weight of 8 per cent, nitric acid and 
mixed with an equal weight of the concentrated acid. The crystals, 
which separate on cooling to 0° or — 10^. are washed with a little 
ice-cold nitric acid. All impurities are thus concentrated in the 
mother liquor. The nitrate is converted into the oxide by heat, 
and the oxide is then reduced by fusion wnth potassium cyanide. 
A fuither jmrification, if necessaiy, is effected b^r melting the metal 
under paraffin and removing the first (purest) crystals by means of 
a glass spoon. Purified bismuth melts at 271'0°, and when pressed 
into wire at 195° has a specific electrical resistance of 1‘20. 

Some experiments with nitrogen trichloride may be noted, 
together with some investigations of the reactions between chlorine 
and ammonia. AO The nitrogen trichloride was prepared by- the 
Tlentschel method, using, iiowever, carbon tetrachloride as the 
solvent in place of benzene. The solution of the trichloride in 
carbon tetrachloride may be preserved for several weeks in the dark 

F. Mylius and E. Groschuff, Zeitsch. oiiorg. Chan., lOlfi, 98, 
ii, 37. 

<15 C. T. Dowell and W. C. Bray, J. Amer. Chan. Soc., 1917, 39, S96 ; A., 
i, 306. 

^5 W. C. Bray and C. T. Dowell, ibid., 1917, 39, 905 ; A., ii, 307. 

W. Hentschel, Ber., 1897, 30, 1782 ; A., 1897, li, 447. 
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betore tliey become greatly coiitaimnated with chlorine from tlie 
decomposition of the trichloride. Only one reducing agent was 
found, namely, sodium sulphite, which reduces nitrogen trichloride 
quantitatively to ammonia ; this reaction occurs in accordance witli 
the equation SXa^SOj-hNCh + SHjO^SNa.SOj-i- 2HCl-f NH^Cl, 
In the case of tlie other reducing agents investigated, some nitro- 
gen IS evolved in a secondary reaction. These were ferrous sulphate, 
arsenious acid, sodium arsenite, hydrogen sulphide, and potassium 
iodide in acid solution. Iodine reacts with nitrogen trichloride, 
setting free nitrogen and forming chlorides of mdine;^ on the addi- 
tion of water to the resulting solution, iodic acid is precipitated. 
Sodium hydroxide reacts with nitrogen trichloride, giviifg a rapid 
evolution of nitrogen, but the reaction is not quantitative, since 
some ammonia is also formed. 

Quinol is converted into hexachloroquinol, whilst carbamide in 
acid solution is not acted on, but in neutral solution there is a slow 
evolution of nitrogen. Nitrogen trichloride reacts slowly with 
dilute ammonium chloride solution and inore rapidly with a con- 
centrated solution to give nitrogen and hydrogen chloride, NH4Cl-h 
NCl3 = N,-t-4HGl. 

The reactions have been considered which occur when amniouia 
and chlorine react in acid solution, in alkaline solution, and in 
dilute solutions of ammonia and liypochlorous acid. It has I’leen 
shown previously that, when chlorine gas reacts with 0 o per cent, 
ammonia solution, the reaction lakes place in accordance with the 
equation 3NH3+ 6Cl2 = N2 -i- NCl^-i- 9HCI, equimolecular quantities 
of nitrogen and nitrogen trichloride being produced. Tliis reac- 
tion, which is of the ninth order, has been criticised, and as a result 
of a number of experiments it is concluded that the reaction is only 
the resultant of a number of intermediate reactions, the first of 
which is the formation of monochloroamine, according to the equa- 
tion NH3 -f Cl , - HCl -h NH^Cl. 

Solutions of nitrous acid may be prejiared far more readily by 
the interaction between equivalent quantities of barium nitrite 
and sulphuric acid than by the action of hydrochloric acid 011 silver 
nitrite.^*5 In the latter case the reaction rarely passes to comple- 
tion owing to the coating of the silver nitrite witli the insoluhle 
silver chloride. Measurements of the velocity of decomposition of 
nitrous acid were made at 0°, 21°, and 40°, and they show that 
tlie reaction is imimoleciilar. The velocity-coefficients at these three 
temperatures are O’OOOld, 0-00022, and O’OOOo? respectively. Ac- 

W. A. Noyes .md A. C. Lyon, J. Amcr. Chcm. 23, Rid ; .1., 

1001, ii, 601. 

P. C. Ray, M. L. Dey, and J. C. Gho.sh, T., 1017, 111, -U:? ; .4,, 
ii, 301. 
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cording to condnctivity determiiiaiiou'^, the (iisriociat ion const ant 
ot nitrons acid at 0'^ is G U x 10“ The nio>=t concentrated soltitioii 
nr the acid tliat can ]je ohtained at o' hv the above luetluxl is 
n ISoT. 

An investigation lias been made ot the reduction uf vanadic .acid 
hy hydriodic acid/’" Several papers have been published in which 
this reaction has been discussed, and very conlradictorv results 
have been obtained. Amongst the most recent work may be men- 
tioned that of Ditz and Barclach, who stated that the product of 
the reaction is vanadium trioxide •"’’ This conclusion i« at variance 
with the results of previous workers, and in consequence the presenl 
investigation was undertaken. It was found that the reaction is 
influenced very considerably hy the oxidation of the livdrogen 
iodide by means of air, and care was tlierefore taken to exclude 
air by means of a current of hydrogen. The iodine set free in the 
reaction was removed hy means of carbon disulphide, the addition 
and removal of carbon disulphide being continued until no further 
iodine was extracted after several hours' keeping. The combined 
carbon disulphide solutions were then titrated witli sodium thiosul- 
pliate solution. It was concluded from the results obtained that 
the reduction only proceeds to quadrivalent vanadium ; further, tlie 
reduced vanadium solution is blue, and not green, as it ought to he 
if a tervalent vanadium compound be jireseiit 

It would seem probable that the oxidation of hydrogen iodide hy 
air is cat.alysed by vanadium pentoxide. 

Reference may be made to the preparation of certain double 
salts of bismuth chloride with chlorides of bivalent metals,-^- The 
bismuth chloride is dissolved in the smallest possible cpiantity of 
concentrated hydrocliloric acid, and the solution is treated witli 
the carbonate or hydroxide, or in a few cases the chloride of the 
bivalent metal. The latter was added in some cases s,o long as it 
dissolved, iii other cases m amounts less than this. In no case 
did the solution of bismuth chloride (1 mol.) dissolve more than 
1 niol. of the bivalent chloride. The solutions are then concen- 
trated over sul 2 :)huric acid until the double salts crystallise. These 
double salts are colourless fexcejot when a coloured cation has been 
added), hygroscoj:)ic, and are decomposed by water, bismuth oxy- 
chloride being precijiitated. Three .senes of salts have been 
obtained. The first series maj" be regarded as the derivatives of 
jDentachlorobismuthic acid, tRBiCl-, and of these are described 

-0 G. Edgar, J. .-imer. Ghem. Soe., 1916, 38, 2369 ; A., li, 30. 

H. Ditz and F. Bardach, Zeitsch. atiorg. Chetn., 1915, 93, 97 ; A., 1916, 
ii, 347. 

R. F. Weinland, A. Alber, and J. Sehwoiger, Arch. Phctrm., 1916, 254, 
521 ; A., ii, 374. 



54 ANNUAL REPORTS ON THE PROGRESS OF GTTEMTSTRV. 


BiCL>.MgCU,8HoO; BiC1.5,CaCL>,7H.-.0; BiCl.,Sr01o,8HoO ; 

BiCl3,BaCl “4HoO ; 

BiCl3,CoClo,6HP; BiCK,NiCL,6rLb. Tlie second series may be 
looked upon as the derivatives of tetrachlorobisrnuthic acid, HBiCl^, 
and is exemplified by 2BiCl .,OaClo,7HoO ; 2BiCl.,SrCl2,7H20 ; 
2BiCb,BaCb,5H^O. The third series contains derivatives of heptn- 
chlorodibismuthic acid, HBiXfij, and is exemplified by 
4BiCf3,MgCU,16H,0; 

4BiCl3,S'rOb,12H.O ; 4BiCl3,MnC'l„12H20 ; 4BiCl3,FeClo,12Rp ; 
4BiCl3,CoCl2,12HoO i 4BiCl3,KiCloa2HoO. 

Groiij) VI. 

The behaviour of " potassium ozonate " on keeping, and on treat- 
ment with water or dilute acids, has been discussed.'’^ This com- 
pound loses its colour on keeping and changes into potassium hydr- 
oxide, oxygen, and potassium tetroxide. Since potassium 
letroxide, on treatment with water, yields oxygen and hydrogen 
peroxide, it may be written as K'O'O'K-Oo, and, therefore, the 
reactions of the ozonate, to which may be ascribed the composition 
(KOH)oOo, may be expressed as follows: 3[(K0H)202]“ 
2 Ko 02,6, + 2K0 H-p 2H20, 2[(K0H)203] = 2K202 + 2H20 4 0,‘^, and 
1x2624- (ElOH) 202 = KoOijO^-i- 2 KOH. It is supposed that ozone 
decomposes into oxygen and atomic oxygen in contact with the 
alkali, and that it is only the latter which reacts. Tliis would 
account for the fact that no more powerful oxidising agent is 
obtained. 

Rubidium and cassinm hydroxide form orange-red ozonates,” 
and cseslum carbonate also becomes temporarily orange-coloured in a 
current of ozone. 

When a current of ozonised oxygen is passed through acetic 
acid, acetic anhydride, ethyl acetate, chloroform, or carbon tetra- 
chloride at the ordinary temperature a blue solution is obtained, 
the colour persisting for more than fifteen to twenty hours with the 
two last-named solvents, but disappearing more rapidly with the 
others. Comparative experiments -with a current of oxygen 
containing approximately 6 per cent, of ozone indicated that 
carbon tetrachloride dissolves seven times as much ozone as au 
equal volume of -water, and, when saturated, contains three times 
as much ozone as the original ozonised oxygen. 

The reactions of ozone with iodine, iodides, iodates, and period - 
ares have been investigatedJj Ozone reacts witli solutions of 
W. Tranbe, Ber., 1916, 49, 1670 ; A., 1910, ii, 613. 

F. Fischer and H. Tropscli, ibid., 1917, 50 , 765; NL., ii, 463. 

® ' E. H. Riescnfeld and F. Bencker, ZeUscb. anorg. Chem., 1916, 98 , 167 ; 
d., ii, 201. 
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pctasai.jin iG'_liJe I'lstantaneoiisly e^en helou 0-, L.ut t’'e ilna’ 
eqailibiiiMii in tiis solut’oii uetvreeu K' OH', J lO 
10/ IS ojiiv .ittaii.eci aitei ..on^e -'ley' T.ie 1 igliei rle cor.centra- 
tioi r-r tie ozone in xlie oxygen nsea .he greatei i? tie ininence oi 
tbe Lydioxyi ions In a- id -olntioii^ the oiJiiiaiy leaction i-. 
acocn.pained Ly one in ^diicL tiuee atciu- ot oxvgen rioni a ii'Oie- 
f ne oi ozone taice I'^ait Tins may conoid oi an adthtion oi ozone 
to locime ions roi-iing lonate lou^ oi or a rciinar.on oi Iiyciiogen 
jirioxrde Ozone is ^^ntliout action on neutia* and acid solntioii" 
oi }>otas=ium I'^clate, Int m alxahne solotion oxidation to j-eiicdare 
take=; nlacp Ozone eas no action on peiiodates Xo evidence "Aas 
fci-nd for the existence or a niodirnation or oxygen lOiitaming inoie 
ti'an three atoms tie di&eience^ ol^ei ’ed hy Haiues hetMeen the 
lec^ults of gia’nnietne ami voliuaetiio e?tii'iat.oim hei'ig one to t"P 
action or liydicxvl ions T i- conc.usion. ‘n.we\ei inn a ."ente i 
hy Hariies 

The piepaiatioii 0 i ceiiai i neu salt- oi bi>alent: chiciniui'i 
togetliei iMth tUe piopeiue=? oi rhion on- nay be nctel 

Chioniic salts n.ay be elec tioly tic rdly lelarea lO ciiiomou^ -alt'. 
" nil a cathode o: piae lead Thic; aeduenon has been btiidie<l 
'■p antitatively by measninig the aniCifit or dnoinon'^ -id piodrce-l 
at any moment hy aclrbng excess or .cdnie and titiatiiig rae nnii'jed 
poitfbii and also by todonino tue corns'^ or d'e leclimt.o.i H’ 
leadings at a voltainetei and at tlie eleeticlvno ..ed of t'le volume 
oi liA’diogen libeiateri in a given time Tu piotecr tiie =:olvtioi= 
against, tbe an they aie eo.eied ''-tn liehr petroleum The nioai 
lavoiiiable ccnditionc! are the electiolysis of the vio'et diioiinc salts 
in model ately acid concentrated solutions tvitii a cuiient deii-ity 
of 2 5 ainpeiet: iiei sc( dcni The nioie common gieen salts in 
ei"iun-aleiit solutions leciune a gi eater expei-ditnie of criient than 
i le v.olet s-’lis but they yield inncli r.oie concentrated solution- 
They aie t'lerefoie, inoie saneble m the end foi tbe production 
at any late, of solutioiic: iicli *ii cniomous -alts, but not ent.ie’y 
nee trom cluonnc salts The -anie slovei reduction or the gieen 
couiplexes is obseived vhen the ^o-.itions aie treated tvith zinc 

By mixing a well-cooled concentiated solution ot chioinous 
chloiide with various alkaL salts of oiganic acid^ the Tolloni’.g 
nevv salts hove been obtameci cliiQinons ^’oiinate, 

CrfHCOp, 2H2O, 

rel cubes, cnioinoiis amnioniuir formate, XH.Ci(HC 02 ) 3 ., pale 
biowmsh-red needles, red clnomous glycollate Boi- 

deaux-ied chromous malonate, CiCsH^O^ blue clnomous sodiupi 

C Harries, Zci^dcJ ano j Chen- 1917 S9, 193 .4 11 4C4. 

W Tiaube and (iliss) A -Gioodson Bei , I91& 49 1670 , A 191ii, ’ j,62j 

“S W T.aube and W Pacserge tt-g 1062 A 1913 1 , 620 
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inalonats, Xa ,Cr(CLir20^)j. The solution^ of all lliese sah*^ have the 
iisnal ]jlue eolniir of ehfoiiioii'^ salts. 

Ohrorncris salts are graflually oxiLlise<l, especially in a<-i(l soln- 
iioiis, with the liberation of hydrogen, llnis: 2CS-0 ; ILO" 
Cr .0,.-'r- H,, and for this reason they are able in the presence of 
water to leduce compounds with double or triple linkings. 
Acetylene is reduced to ethylene, but not to ethane. For examjile, 
on shaking 1200 c.c. of this gas with a solution of chromous 
chloride, made by adding an excess of zinc to 70 grams of green 
cliromic chloride dissolved in 120 c.c. of 25 j^er cent, hydrochloiic 
acid, complete reduction occurred in less than an hour. Nitrous 
oxide in the presence of alkali hydroxide is reduced quantitatively 
to nitrogen; similarly, nitric acid and hydroxylaniine are reduced 
quantitatively to ammonia. The yield of ammonia obtained, how- 
ever, by the reduction of nitrous acid is not quantitative. 

Althougli clirominm phosidiate has formed the subject of a num- 
ber of investigations during the past sixty years, many of its pro- 
perties appear to have been unrecorded. Some new investigations 
on this salt may be noted. When cold solutions of equal weights 
of chrome alum and disodium hydrogen phosphate are mixed, a 
violet precipitate of amoiqihous chromic iihosphate is produced. 
This precipitate, when allowed to reinain in the solution for a day 
or two, is converted into a violet, crystalline hexaliydrate. ‘ It i'' 
essential that the first amorphous preci 2 :)itate he not left too long 
in contact with the .“olntion, as after a week it becomes entirely 
convered into a green, amorphous tetrahydrate. This change is 
catalysed by sodium siiljihate solution or chrome alum solution, 
tlie latter lieiiig the more powerful catalyst, and is greatly influ- 
enced by temperature. 

If the violet hexaliydrate is heated at 100° for some time, or, 
better, if boiled with water ^or half an hour, it is completely con- 
verted into a green, crystalline hydrate, CrP 04 , 4 HjO. On boiling 
the violet, crystalline hexaliydrate wdth acetic anhydride, it forms 
a green, crystalline dihydrate similar in appearance to the tetra- 
hydrate. Both these green hydrates are .stable in the pre.sence 
of moist air or water. When heated to low redness they quicki}; 
become converted into a fine, black, amorphous chromic phosphate, 
and when strongly heated this changes into a green basic salt. 
Amorphous, green chromium phosphate is prepared by ]>recipitat- 
itig a hot chrome alum solution with excess of disodinm hydrogen 
phosphate, and washing repeatedly with boiling water. In a desic- 
cator at the ordinary temperature this compound rapidly loses 
weight until the composition is CrP 04 , 4 Ho 0 . When heated at 60° 


= " A. F. Joseph and W. N. Bao, T., 1917, 111, lOfi ; A., ii, 210. 
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li. loses two luoleciiles of water, and at dull red lieat it is converted 
into iDrown, aniorplions cliromic phosphate 

By the interaction'”' of chroniyl chloride and phosphorus tri- 
chloride or phosphorus tribroinide in dry carbon tetrachloride .solu- 
tion, precipitates are obtained which, when collected, waslied with 
carbon tetrachloride, and dried in a current of dry, CO., -free air, 
have the composition CrOCl,POCh and CrOBr,POBi^ respectively. 
The reaction being extremely violent, it is carried out in O' ‘2 mol. 
solutions, and takes place according to the equation 2CrO,C]> — 
PClj^ 2(CrOCl,POCL) -f PC1-. These double compounds are ex- 
tremely deliquescent and react with water with development of 
heat, accoraing- to the equation CrOChPOCl , - 2PI_,0 = CrCl_. — 
HCl -f- HjPOj. On ignition, the compouiid> CrOCl (or Cr^O ;,CrC‘lj) 
and CrOBr (or CroOj.CrBiw) are obtained. 

Molybdenum penlasulphide, Mo^S-,. has been prepared by reduc- 
ing cl .solution of ammonium molybdate, contaiiung inore than 
20 per cent, of sulphuric acid, with zinc, until the colour is dark 
red, and then diluting, filtering, and saturating the solution with 
hydrogen sulj^hide."^ The precipitate is collected and washed with 
hoi water and then with alcohol It is shaken repeatedly with 
c.'irbou disulphide, washed with ether, and dried at 6 S — 75^, when 
it has the composition IMo 2 S 3 , 3 H_> 0 . One molecule of water is lost 
at 13o'-- 110°, but further heating causes decompo'^ition. Careful 
heating in carbon dioxide gives the anhydrous sulphide. Mo,S-„ 
which is almost black. When the hydrated compound is heated in 
hydrogen sulphide the compound. 2 Mo 2 S.-, 3 H 2 S. is formed. 

Graup VJI. 

Tlie mechanism of the conversion of alkaline solutions of sodium 
Inqjochlorite into sodium chlorate has been studied At a tem- 
peiature of 50° the reaction is of the second order rather than of the 
third, and, therefore, the first stage is represented by the ecpiation 
2]S[aC10 — NaC 102 -r XaCL There is also an evolution of oxygen, 
which evidently occurs according to the equation 2XaC10 = 62 
2iSraCl. Further, the transformation of the chlorite into chlorate 
is a himolecular reaction, and follows the equation NaClO -i- 
NaC 102 = NaC 103 -f NaCl. The formation, therefore, of chlorate 
from hypochlorite occurs according to the equations ( 1 ) 2KaC10 = 
NaClO^f-NaCl, and (2) NaClO -f- NaC 102 -XaC 10 , + NaCl. The 

li. ts. Fry and J. L. Uluiiil'IIv, J. Aiuci. C/icni. iSoc., lUiO. 38, ; 

.1., l‘H0, li, 620. 

F. Miiwruv' aud M. Nikoluv, Zcllsch. iiiionj. Chcm., 1616, 95, 16S ; A., 
h, 179 . 

*>“ F. Focrstcr anti F. Dulch, Zc>tboh. ElckLrochcm, 1917. 23, 137 ; ..1., ii, '367. 
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latter reaction proceeds iiiucli more rapidly than the former. The 
following velocity constants have been obtained: A'j, 50° = 0'0019, 
25° = 0-00010; A’., 50° = 0 050, 25° = 0-003o. The temperature- 
coefficient of ATj is 3 15, whilst that of A”, is 2’S8. 

Group YIIJ . 

The]-e if considerable uncertainty regarding the existence of 
feriic trisulphide, Fe^S;, and some light has been thrown on the 
matter by further work. When moist ferric hycb;pxide, or ferric 
hydroxide suspended in water, is treated with h\'drogen sulphide, 
it becomes black, owing to the formation of ferric trisulphide, in 
accordance with the equation 2 Fe(OH) 3 -i- 3B[o = Fe 2 S 3 -r 
In a moist condition in the absence of air, or in the presence of 
excess of hydrogen sulphide, it is transformed into a mixture of 
the disulphide and sulphide, thus: Fe 2 S 3 =FeS 2 -f FeS. This change 
takes about a week at the ordinary temperature, but only a few 
hours at 60°. The mixture produced, being only partly soluble 
ill dilute hydrochloric acid, may easily be distinguished from the 
original trisulphide, which is readily and completely soluble. 
When dried in a vacuum over phosphoric oxide, ferric Irisulphide 
is very stable. 

When exposed to the action of the air in presence of alkali, 
ferric trisulphide gTadually becomes pale yellow, ^uilphur being 
deposited. The product resembles limonite in appearance, and 
when dried gives a fine, yellow powder containing a constant per- 
centage of water, which is less than that corresponding with 
Fe(OH)3. 

When precipitated ferrous sulphide is boiled with flowers of 
sulphur, iron disulphide is formed. Ferric disulphide is also pre- 
cipitated when a solution of sodium trisulphide is added slowly to 
a boiling solution of ferrous sulphate, sulj)hur being liberated at 
the same time. 

Since ferric disuljDhide is the final product of the action of 
hydrogen sulphide on ferric hydroxide in the absence of alkali, the 
production of iron pyrites in nature can be explained. 

A very convenient method has been described for the prcjja ra- 
tion of cliloroplatinic acid, which obviates all difficulties arising 
from the formation of nitrosoplatiiiic chloride and chloroplalinous 
acid, the removal of which is so troublesome vdien aqua regia is 
used.'’’-^ The method consists in the use of hydrogen peroxide, wdiich 

<’3 V. Rodt, Zc'dtmh. uivjciv. Chem., 29, i, n, l-i2. 

P. Hudnick and H. E. Cooke, J. Amcr. Uhcm. .SW., 1<J]7, 39, (i3;j ; A., 
li, 204. 
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readily .effects the dibsoiutioii of platiiiuiii black in hydrochloric 
acid, yielding a solution which is at once free from iiitrosoplatihic 
chloride and entirely oxidised to chloroplatinic acid. The method 
may be described in detail, and consists in covering 10 arams of 
platinum black, dried, but not ignited, with 50 c.c. of hydrochloric- 
acid . The mixture is heated to 50 — 60“^, and h3'drogen peroxide 
(3 — 30 per cent ) is slowh* added at such a rate as to maintain a 
moderate evolution of chlorine. When the platinum has entireh' 
been dissolved, the solution is concentrated. When a 3 per cent, 
solution of hj-drogen peroxide is used, it may be iiecessaiw to 
evaporate tho solution to a smaller bulk in order to effect the com- 
plete dissolution of the platinum. 

Reference may be made to some work on the oxides of ruthenium, 
rhodium, and osmium. Finely powdered ruthenium oxidises 
rapidl}? when heated in ox\’gen. the maximum of absoijjtioii of 
oxygen corresponding very closely with the oxide, RuO^.^^ The 
value is, however, slighth’ lower, owing to volatilisation It is 
independent of the temperature between 700" and 1000°, although 
the rate of formation of ruthenium dioxide varies considerably. 
The formation of the volatile tetroxide begins at 600° and increases 
rajiidly with the temperature, being 4000 times as great at 1200° 
as at 700°, The sublimate of tetroxide, however, contains crt'stals 
of the dioxide. 

On the other hand, when rhodinni is heated in air or ox^rgen 
at temperatures from 600° to 1000°, the greyish-black oxide, 
RI10O3, is alwa^'s formed, the rate of formation increasing rapidh' 
with the temperature.®'^ At 1150°, the oxide is completely decom- 
posed, the metal being obtained. 

Colloidal solutions of osmium dioxide are obtained by the reduc- 
tion of the alkali osniates with alcohol or h\- the hydrolysis of the 
osmichlorides.®" The reactions are as follows; 

K ,OsOi + 2H3 O + CoH 3*OH = OsO„ 2H ,0 -i- 2KOH -f CkHiO ; 

Iv.OsCl, -f 4H_,0 = OsOo.2H^O -- 2kCi -f- 4HC1 . 

By the addition of electrolytes to the neutral solutions, the dioxide 
can be precipitated, but it forms a colloidal solution again when 
treated with acids, alkali hydroxides, or ammonia, or washed free 
from electrolyses. Concentrated solutions of the colloidal o.xide 
ap])ear black by reflected light or blue bv traiisimtled hglil. 

The oxide prepared by reduction or by the hydrolysis of 

A. Gutbier. C. A. Leuehs, H. Wiessmauu, and O. iiai-ich, Zot.'tch. anoxj. 
Chcm., 1916, 96 , 182 ; A., ii, 38. 

'■'® A. Gutbier, A. Huttluiger, and O. Maisch, ihid , 95 , 225 ; .1., ii, iBU. 

0^ O. Ruff and H. Rathsbmg, Bcr., 1917, 50 , 184 ; A., ii, 323. 
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Biiiiiioniuin osiRicliloride retains alkalis and organic substances 
firmly. As the result, the dry powder may kindle on ex- 
posure to the air or detonate on warming. An old preparation or 
one that- has been warmed with water for some time is not so 
dangerous, but it then contains much metallic osmium. 

Amorphous osmium dioxide, containing about 1 per cent, of 
sodium chloride, is obtained on heating potassium osmichloride 
with pure sodium hydroxide solution in the absence of air. The 
dried powder has the composition 0s0_,,2H20. It loses one mole- 
cule of water at 100° and the other at 2009., the residue being a 
liluish-black powder. This oxide reacts with hydrogen yuth almost 
explosive violence, and with oxygen readily to give osmium 
tetroxide. "When heated in an indifferent atmosphere, it becomes 
dark brown, and decomposes at about 500° into osmium and 
osmium tetroxide The reaction is reversible, as the pure dioxide 
can be obtained by heating very finely divided osmium with 
osmium tetroxide at 650° in an atmosphere of nitrogen. When 
the dioxide is heated in an atmosphere -^f oMiiium tetroxide (partial 
jires.sure about 100 mm.) at 640°, it changes into a crystalline 
form. A copper-coloured sublimate is usually deposited, and it is 
possible that the volatile oxide to which this sublimed dioxide is 
due is a trioxide, thus: OsO^ -f OsO^ = 2080^. 


E. C. C. Baly. 
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Pat?t T — Aliphatic Division. 

DuPvIng tlie greater j>art of the period einbiaced by the ciii’rent 
review, the writer had the feeliiia that if the Ainmal Report wa^ 
to preserve its reputation for being a fair index of contemporary 
research, the section on aliphatic compounds would on this occasion 
be brief, disconnected, and even uninteresting. The publications 
which appeared during the second half of the year did much to 
modify this first impression, but it has been a case of making the 
best of things, and the Report is thus presented with a full know- 
ledge of many shortcomings. The task of following and studying 
the course of organic research during the past twelve months has 
certainly afforded many compensations to the writer, and to 
institute comparisons between recent work and the jiroduct of 
more peaceful days would be unfair to tho^e who have kept formal 
research alive despite the distractions of the times. In any case, 
such criticism as might be called for does not apply to our own 
Journal, the pages of which are unsullied by those records of mean- 
ingless compound-making so prominent in other periodicals to which 
good taste prevents more pointed reference. There has been no 
sacrifice of standard in order to preserve bulk, and there has been 
in many cases a gratifying combination of experiment and specula- 
tion, so that, taking everything into account, there is reason to be 
moderately satisfied with a year’s steady if unexhilarating progress. 

Hydrocarhon'i. 

In collecting the material for this section of the Report, the 
writer anticipated a difficulty which has not been forthcoming. In 
few classes of compounds more than in the aliphatic hydrocarbons 
did it seem probable that care would be necessary to restrict selec- 
tion to topics of general theoretical importance, and leave more 
technical subjects to the Reports on Applied Chemistry. 

No such critical selection has, however, been necessary, as the 
number of publications on aliphatic hydrocarbons has been small. 
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and in only a limited number of cases do tliey admit of synopsis 
oi* brief discussion. For the time being, systematic research on 
simple representatives seems to be at a standstill. 

As has recently been the case, a number of papers have appeared 
dealing with the conversion of paraffins into aromatic hydrocaibons, 
and the impression has gradually been gained that the actual 
results obtained must give greater promise of ultimate technical 
adoption than the published descriptions would lead one to expect. 
As a general rule, the conversion from the paraffinic to the aromatic 
type IS effected by “cracking,"’ and a promjjient feature of recent 
work in this field is the steady rise in the pressures and a corre- 
sponding diminution in the temperatures employed. h 2 Incident- 
ally, it may be remarked that somewhat similar considerations 
apph" to thes degradation of aromatic hydrocarbon U’ in the absence 
of catalysts. 

Unsaturated compounds still continue to demand most atten- 
tion in this section, and the synthetical applications of acetylene, 
to which reference has repeatedly been made in recent Beports, 
may well revolutionise many methods of preparation in the near 
future. Under this heading, few new results have been forth- 
coming in the past year, and published references to acetylene 
have been disappointing. In a somewhat different field, attempts 
have been continued to trace the part played by acetylene in the 
formation of heterocyclic^ compounds, and although numerous 
aromatic products have been obtained by subjecting the hydro- 
carbon to the action of hydrogen sulphide, ammonia, or steam at 
high temperatures, the work leaves the impression of being in some 
degree empirical. 

Greater interest will be taken in the suggestion ^ that copper 
acetylide plays a definite part, when used as a catalyst for the 
conversion of benzenediazonium chloride into chlorobenzene, in 
contributing its carbon atoms to the final product. The idea 
originally put forward by Sandmeyer, that the catalysis is in the 
first place due to the formation of copper chloride, does not take 
into account the destiny of the acetylene thus liberated, but, as 
a result of the study of secondary reactions, it is now maintained 
that such is the case. 

^ G. Egloff and T. J. Twnmev, Met. Gliem. Enq , 1916, 15. 2-1,") • A. 1916 
i. 780. 

- W. F. Bittman, Brit. Pat., 9163 of 1915 ; A., i, 14. 

3 Synthetic Hydro-Carbon Co., Fr. Pat., 479786 ; A., i, 15. 

^ R. Meyer and H. Wesche, Ber., 1917, 50, 422 ; A., i, 313. 

= V. V. Scharviu and N. T. Plachuta, J. Phys. Cliem. Soc., 1916, 

48, 2.53 ; A., 2 , 179. 
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Researches on the polymerisation of olermic hvJiocaihons luu'e 
been continued on normal lines and have given results which i^'e 
consistent with earlier observations/' but there is a niaiked lalling- 
off in papers dealing with caoutchouc. In last year’s Report, con- 
siderable space was devoteil to the Jisciibsion of tt\eral papers un 
this subject by 0<rromi<slen^ki, and further contributions from 
the same worker are now available. His views as to structure 
and isomerism of caoutchoucs have been slightly simplified, but 
he continues to apply the expressions '‘normal ’ and ‘ abnormal 
to these compounds according to the physical projierties of the 
complexes, and without reference to the chemical behaviour of the 
ozonides prepared from them. Descriptions are now given" of 
the caoutchoucs obtained by jiolymerising various liydrocarbons, {>v 
mixtures of hydrocarbons, which agree faiily well with the observa- 
tions of earlier workers, and several coiiiiicring results, which have 
been the cause of much discussion in the past, are now explained. 
He points out that although the polymerised product from pure 
isojDren© is naturally different from that obtained from the 
isoprene-amylene mixture, it is impossible to detect even con- 
siderable proportions of the amylene constituent by analysis, and 
maintains that variation in physical property alone gives any 
index of composition. Another point of interest is the conversion 
of the isoprene-amylene caoutchouc obtained by the sodium 
method into an isomeric j8-form by the action of either barium 
jieroxide or benzoyl i^eroxide. It would appear, so far as any 
generalisations can be established in these reactions, that the use 
of peroxides as polymerising reagents generally gives a different 
product from that formed by the action of sodium. An exception 
is, however, furnished by the case of erythrene caoutchouc, of 
which one variety is produced, irrespective of the reagent employed 
in its formation. 

In a further paper,® the same author furnishes some results 
wdiich are more attractive to the organic chemist. Accepting that 
the polymerisation of vinyl bromide gives rise to the symmetrical 
bromide of erythrene caoutchouc, he has attempted to correlate 
the corresponding chloride of the complex wuth polymerised vinyl 
chloride. The latter compound in the liquid condition is rapidly 
transformed under the influence of light from a mercury lamp 
into a-caoupren© chloride. This particular variety is soluble, and 
thus the molecular weight could be determined, giving a result 

® S. V. Lebedev and A. A. Ivanov, J. Bt>ss. Ph}/s. Chem. Soc , 1916, 48, 
997 ; A., i, 126. 

^ I. I. Ostromisslenski, ibid., 1071 ; A , i, 399. 

® I. T. Ostromisslenski, ibid., 1016, 46, 1 132 ; A., i, 404. 
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in close anreenieut with the formula O .jT'T^v,Cn Appafently the 
cmnpouiKl is saturated, and it is thus regarded as a single ring 
structure containing the. fragment -CTICl-CPL^— repeated sixteen 
times. So far, tlie results described arc convincing, hut the 
evidence on which the statement is made that the chloro-com- 
pound is identical with the synimetiical chloride of erythrene 
caoutchouc could only be valiiated by those who have personal 
experience in this type of work. What is claimed to be the un- 
symmetrical chloride of erythiene caoutchouc has also been pre- 
pared directly from the hydrocarbon complex by treatmeiTt, in 
carbon tetrachloride solution, with the approjDriate amount of 
chlorine similarly dissolved. On the evidence produced, however, 
it is difficult to draw any real distinction between this product 
and caouprene chloride. 

It is evident that Ostromisslenski brings to the caoutchouc 
problem botli fresh ideas and new working methods, but. for the 
time being, be has this field of research to himself. 


AlcohoU find fheir Derivaii I'e^. 

Very little work has recently appeared dealing with uusubsti- 
tuted alcohols, and attention may be restricted to one or two 
investigations which deal with structural problems in the poly- 
hydroxy-series, Since the appearance of Boeseken’s papers on the 
conductivity changes which ensue when boric acid is added to 
solutions of polyhydroxy-comjiounds, mucli interest has been 
disi^layed in the ai^t^hcatioii of his iDrincijdes to questions of con- 
stitution. According to Bdeseken, the reaction between the acid 
and the alcohol is limited to cases where hydroxyl groups are 
favourably situated, and a positive result is indicated by a marked 
exaltation in conductivity and also, in the case of optically active 
compounds, of the rotatory power. These views have in recent 
3 mars been supported in a number of ways, and a further step 
has now been made by the preparation of definite compounds of 
mannitol and dulcitol with metallic metaborates. 

It is true that the isolation of such compounds has only an 
indirect bearing on Bdeseken’s views, but, in some particulars, the 
results are suggestive. Thus, in the case of mannitol, the rotatory 
power is but little affected when the amount of acid present is 
increased beyond equimolecular proportions, but this does not hold 
for the case of metallic borates, where apparently the reaction is 
independent of the configuration of the alcohol. In investigations 

A. Onin and ti, Xot-sowitsc-li, Moncitslt., lOlfi, 37, 4(il) ; .1., 19ir>, i. 787. 
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of this nature, some danger is involved in the possibility that ihe 
method of allocating hydroxyl groups to stiiictural positions on 
the evidence of conductivity may be applied in cases v’here 
external factors may vitiate the result. This applies with sj^ecial 
force to hydroxy-acids, which are profoundly affected by varia- 
tions in the concentration of their solutions, and some idea of the 
complications thus introduced is gained from inspection of recent 
results obtained with pyruvic and lactic acids. In any case, 
in work of this description, due regard must be paid to the degree 
of hydration attained by boron trioxide in solution, and to the 
possibility o^, organic molecular complexes being formed by com- 
bination with different boric acids. 

Until recently, comparatively little use has been made of the 
Grignard reaction in research on polyhydroxy-compounds, but 
obviously this is largely explained through lack of appropriate 
solubilities. This difficulty may, however, be overcome by the use 
of soluble derivatives, from which the substituting groups can 
afterwards be removed,' anH further examples involving this 
modification are now forthcoming. Starting from a fully 
acetylated gluconolactone, reaction with magnesium acyl haloids 
gives the .corresponding sorbitol derivatives, of which aa-dibenzoyl- 
sorbitol may be quoted as an example. By a similar process, 
oa-dibeuzoyldulcitol has been obtained from tetra-acetylgalactono- 
lactone, and an unusual feature of the compound in question is 
the ease with which it is converted into the internal anhydride. 

H OH H 

OPhyC 6— ^ CJ-CHyOH 

OH H OH 

Any evidence as to the formation of definite anhydrides in this 

series is valuable, in view of the obscurity in which similar changes 
in the sugar group are enveloped, and it should be possible to 
establish relationships between ring-formation and configiiration 
by further work similar to that now described. 

Aldehydes and Ketones. 

The steady and persistent demand for the simpler aliphatic 
aldehydes which has been apparent for some years has focussed 

J Boeseken, L. W. Hansen, and S. H. Bertram, Bee. trav. clum., 1916, 
35. 309 ; A., 1916, ii, 209. 

C. Paal (with C. Kiister and C. Roth), JS&r., 1916, 49, 1583 ; A.. 1916, 
i. 787. 
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attention on the inadequacy of the usual oxidation methods o;f 
preparing these compounds. No doubt, so far as acetaldehyde fis 
concerned, processes commencing from acetylene will go far to 
solve this difficulty, and new variations of this reaction have been 
described.i2 Not only the preparation, but the identification, of 
simple aldehydes and their isolation in a pure condition are matters 
of concern to those who work in this field, and thus a welcome 
will be accorded to a review' in w’hich the behaviour of typical 
members towards various reagents is summarised. The results 
described show' that low'er members of the s&i’ies of aliphatic 
aldehydes are best characterised as nitrophenylhydr^^ -zones, whilst 
for higher members, seniicarbazone formation is more satisfactory. 
As has recently been the experience of w'orkers in the sugar group, 
the use of diphenylmethanedimethyldihydrazine, as a reagent for 
the identification of aldehydes generally, has met with striking 
success. Before leaving this subject, it may be mentioned that 
the isomeric o-bromophenylhydrazones of glyoxylic acid have now 
been examined in greater -detail, tmd" the conditions governing 
their formation established. The reactions of the two compounds 
are more diagnostic than is often the case with such stereo- 
isomerides, and thus spatial formulse have been ascribed to them 
with some degree of certaiiity.i^ 

Although the function of formaldehyde as a methylating agent 
in certain cases has long been recognised and utilised in working 
processes, no very satisfactory explanation has been offered as to 
the mechanism of its action. The problem is, however, greatly 
simplified as the result of a study of the changes in which 
methylamines are formed by this agency. In particular, the 
identification of methyl formate and carbon dioxide as significant 
products when ammonium chloride reacts with impure form- 
aldehyde under mild conditions, and the successive drop in yield 
of these products when mono- or di-methylammonium. chlorides 
are employed, show' that, during the jirocess, oxidation changes 
are operative in varying degree. The suggestion is made that the 
first stage of the reactions w'hich lead to the formation of mono- 
and di-methylamines is the production of methyleneimine. 

I. H-00H + NH3(HC1) CH3:XH(H01). 

Union Carbide Co., U.S. Pats., 1213486 and 1213487 ; A., i, 318. 

C. D. Harries, Chem. Zeiitr., 1916, ii, 991 ; A., i, 210. 

M. Busch, F. Achterfeld, and R. Seuferfc, J. pr. CImn., 1915, [ii], 92, 

1 ; A., i, 228. 

E. A. Werner, T., 1917, HI, 844 ; A., i, 632. 
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In tile presence of formaldeliycle, simultaneous oxidation aj^-l 
reduction then ensues, the reaction involving a molecule of water. 

II. CH.2:XH(HC1)-'-H.0-:-H-C0H — ^ CH^-XHoJICI-^H-CO.H. 

The extension of similar jirmeiples to the interaction of form- 
aldehyde and alkyl aininonitim chlorides accounts for the production 
of diniethylamine, and indicates that the tertiary amine is not a 
direct product of the reaction. The jiaper to which reference 
now made contains more than the theoretical discussion, as good 
working directioiA are ^ven for the preparation on the large scale 
of methylamiiie and dimethylamine salts. 

Xow that clearer views prevail as to the nature of aldehyde- 
ammonia, more interest is attached to synthetical reactions involv- 
ing the use of the compound, although, as a rule, its behaviour is 
somewhat fickle. An additional example of this is furnished by 
the fact that, when condensed with p-benzoquinone, the amino- 
groups of the aldehyde-ammonia play a part in the reaction, as the 
essential product has the structure indicated by (I). On the other 
hand, the behaviour towards anthraquinoiie is entirely different, 
as a nitrogen-free derivative (IT) is pioduced. 


O O 

CHMe— 

I— CHiMe— 

JNH NH 


( 1 .) 


C(:cH-CHO)— r 
y— a(:cH-OHO) 


( 11 ) 


This variation is not entirely due to the structural difference 
between the quinones which take part in the reaction, and is prob- 
ably attributable to the temperature conditions, as, in the one 
case, the aldehyde-ammonia doubtless reacted as such, and, in the 
other, as a mixture of free aldehyde and ammonia. 

The difficulties attendant on the study ot glyoxal are one by 
one disappearing as the result of much patient research, and there 
is now ample choice in the reagents by means of which the poly- 
merised aldehyde may be converted into the monomeric forin.i" 
Of these, the most successful is acetic anhydride, but it is to be 
noted that prolonged action with this reagent results in the forma- 
tion of the symmetrical tetra-acetate, C 2 H 2 (OAc) 4 , which pre- 
sumably has an acetal structure. The compound in question is 
well defined and displays so many reactions characteristic of mono- 


16 P. C. Ghosh, T., 1917, 111, 60S ; A., 1, 517. 

17 K. Hess and C. Uibrig, Ber., 1917, 50, 365 ; A., i, 319. 
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pieric glyoxal that, in the future, it may play an important part 
in the development of this difficult subject. 

A further step has also been made in a problem which has a 
direct bearing on the vexed question of the curious degradations 
which ensue when a hexose is acted on by ammonia. Some years 
ago, it was shown that ammoniacal zinc oxide reacts with glucose 
to give methj’lglyoxaline, and the probable course of the reaction 
is now indicated by the results of a further research. It has 
been found that niethylglyoxaline is formed immediately on add- 
ing ammoniacal zinc oxide to methylglyoSal and formaldehyde in 
aqueous solution. This at once gives a clue to the- formation ot 
niethylglyoxaline from the sugars, and it is significant that, in a 
similar test, dihydroxyacetone reacted only slowly. 

As experimental difficulties are frequently encountered in pre- 
paring cyanohydrins, a brief reference may be made to modifica- 
tions of the usual procedure.^^ Of the variations suggested, the 
most useful is to dissolve the aldehyde in a solvent immiscible with 
water and shake with an aqueous ^soliition of potassium cyanide 
and ammonium chloride. This particular process answers well, and 
its application is not restricted, as indicated in the paper, to cases 
where the cyanohydrin is insoluble in the extraneous solvent used. 

Turning to ketones, attention should be directed to eyidence^o 
showing that dry acetone combines with dr}- calcium chloride in 
two proportions, as it is satisfactory to have a definite explanation 
of the tenacity with vrhich the pure ketone is retained by this 
drying agent. 

Presumably as a side issue of other work, several papers have 
appeared on the condensation of pyrrole with simple ketones.^i 
The results described are, however, by no means simple, as in 
general the products, although definite and crystalline, contain 
four pyrrole residues united to four ketonic residues, and are thus 
of the same order of complexity as chlorophyll and hsemin. There 
is a special interest attached to sparingly soluble, stable deriv- 
atives of ketones, as their formation may j^ossibly be elaborated 
into methods of estimating acetone in the presence of related sub- 
stances. This possibility is supported by the fact that acetone 
and methyl ethyl ketone react very unequally with pyrrole,®" 

B. J. Sjolleina and Mile. A. J. H. Kani, Rec. trav. cJiiin., 1916, 36, 180; 
A., 1916, i, 791. 

A. Albert, Ber., 1916, 49, 1382 ; A., 1916, i, 821. 

20 L. S. Bagster, 1917, 111, 494 ; A., i, 493. 

21 V V. Tschelincev and B. V. Tronov, J. Russ. PJiys. Chem. Soc., 1916, 
48,105; A., i, 91; 1916,48,127; A., i, 93 ; 1916,48,1197; A., i, 411. 

-- Tschelincev, B. V. Tronov, and S. G. Karmanov, ibid., 1210; A., 

i, 412. 
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but, on tbe other baud, enter into simultaneous condensation ^vith 
the reagent to give a ‘mixed’* compound of similar type. A 
further idea of the complexity of these reactions is given t}' the 
results obtained in the condensation of pyrrole with form- 
aldehyde, as it has been shown that the reaction can be mo.lihed 
so as to give various types of products. Thus, under mild con- 
ditions of alkaline condensation, d : 5-dimethyl olpyrrole, 
CrT:C(GH,-OH) 

CH:C(CBf2-OHr ^ ’ 

is formed, but in the presence of acids, the polymeride of 

l—CH., 

KH 

is produced in excess. Even in the absence of acids, the changes 
involved are obscure and give rise to substances very easily affected 
by polymerising reagents. 

Acids and their Derivatives. 

As a preliminary to more complex subjects, reference may be 
made to attempts to prepare simple derivatives of the common 
acids which may aid their identification. p-Nitrobenzyl bromide 
has been suggested as a useful reagent for this purpose, as it reacts 
smoothly v^ith the alkali salts of acids, and the resulting esters 
are, as a rule, readily crystallised. So far as aromatic acids are 
concerned, the products appear to be easily characterised,-^ but, in 
the case of many aliphatic acids, the melting points of the esters 
are inconveniently low and not sufficiently far apart to be 
diagnostic. This may, in some measure, be comjDensated for by 
the fact that the yields are good,^^ but the process breaks down in 
a number of examples where characteristic tests are hard to find. 
On the other hand, the normal p-nitrobenzyl esters of maloiiic 
acid homologues are easily distinguishable, but, unfortunately, no 
result was obtained with laevulic or mucic acids. 

Numerous references in the patent literature show that the 
preparation of acetic acid from acetylene has been improved, so 
as to run as a continuous process, by the use of preformed acetic 
acid as a solvent. The technical preparation of acetic anhydride 

V. V. Tselielincev and B. V. Maksorov, J. Eitss. Phys. Cke7n. Soc., 1916, 
48, 748 ; ,4., i, 164. 

2* E. Lyons and E. E. Reid, J. Amer. Ghem. Soc., 1917, 39, 1727 ; A., 
i, 559. 

25 E. E. Reid, ibid., 124 ; A., i, 333. 

26 J. A. Lyman and E. E. Reid, ibid., 701 ; A., i, 334, 
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lias also been modij&ed,“' and simple methods are now ^described 
\\%ereby the compound can be obtained free from chlorinated by- 
products, which are of frequent occurrence when sulphur chlorides 
are used as the anhydride-forming reagents.-® In this and other 
similar cases, acetic anhydride functions as a suitable diluent, 
which serves to moderate the reaction and limit the formation of 
extraneous products.-® 

Before leaving the subject of anhydrides, mention should be 
made of new results obtained by the use of thionyl chloride. As 
is well known, the metallic salts of organic, acids-' are acted on by 
thionyl chloride to give the corresponding anhydride^, but, under 
certain conditions, further reaction takes place and the acid 
chloride results. The mechanism of these changes has already 
been carefully investigated,®® and the earlier views are now sup- 
ported by fresh evidence.®^ Apparently thionyl chloride acts on 
salts in consecutive reactions as shown below : 

I. 2R-C02M-i-S0Cl, — > [IlCp,)2SO-h2NaCl. 

The intermediate product, which can be regarded as a derivative 
of sulphurous acid, may decompose according to the scheme : 

II. ( 11002 ) 080 SO, + (RC03)20, 

or, in the presence of excess of thionyl chloride, in terms'' of the 
equation 

III. (RC02)2S0-f SOCl, 2R-C0C1+-2S02. 

The above explanation is founded on the behaviour of silver salts 
towards thionyl chloride, but it is only on rare occasions that the 
intermediate sulphurous ester is sufficiently stable to admit of 
isolation. 

Another example is, how'ever. provided when potassium xanthate 
is used in the reaction, which is then arrested definitely at the 
first stage, 

2EtO-CS-SK — > (EtO-CS-S)>SO. 

It may be remarked that when sulphur chloride is employed in 
the production of anhydrides, similar intermediate compounds are 
formed -which are exceedingly well defined and comparatively 
stable. 

Much patient research has been expended on the subject of the 
oxidation by hydrogen peroxide of the hoinologues of riobutyric 
2' H. Dreyfus, Brit. Pat., 17920 of 1915 ; A.,i, 194. 

H. Dreyfus, Brit. Pat., 100450 of 1916 ; A., i, 441. 

H. Dreyfus, Fr. Pat., 478951 ; A., i, 2. 

W. S. Denham and Miss H. Woodhouse, T., 1913, 103, 1861. 

M. M. Richter, Ber., 1916, 49, 1026 ; A., 1916, i, 706 
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acid.2- Tlie results obtained are simple, inasmuch as the oxidation 
products are fev\" in number, but their formation is by no meafts 
easily explained. Thus, as a rule, tvro ketones and one aldehyde 
are produced, as represented below : 

rCHMe-,-[CHd,,-CH,-GeO 

CHMe,-[CH,V[CHJo-COoH- -! OH]Me;-[CH;],,-COMe 
Me*CO“.Me 

One generalisation which has emerged from this work is that the 
lengthening of ';he chs.in between the carboxyl group and the 
tertiary carbon atom diminishes the yield of acetone, which is the 
predominating product from lower members of the series. In a 
related subject of research, ^3 jg interesting to note that hydrogen 
peroxide is capable, under certain conditions, of oxidising sodium 
butyrate, with the production of a notable yield of succinic acid. 
The main attack of the oxidising agent is in this case directed 
to the terminal methyl group, a result somewhat unexpected in view 
of earlier observations, whicii showed that oxidation involves the 
section of the carbon chain nearest to the existing carboxyl group. 

One of the few papers dealing with structure which have been 
noted is a publication 3^ on the disputed question of the constitu- 
tion of meconic acid. The usual view, that the compound is a 
pyrone derivative, will probably require modification, as, on 
catalytic reduction under mild conditions, it is converted into 
tetrahydroxypimelic acid. This result could, of course, be ex- 
plained on the assumption that, during reduction, the pyrone ring 
became ruptured, but the behaviour of authentic 4-pyrones, when 
similarly treated, lends no support to this view. On the whole, 
even admitting the irregular properties of meconic acid, the sugges- 
tion that the compound is a pentahydroxvketo 2 oimelic acid, 
C0.2H-C(0H).yCH(0H)'C0-CH.yC(0H).3*C0.2H, 
will be accepted with reserve. 

Ill the course of experiments on the addition of bromine in 
aqueous solution to uusaturated acids, some interesting results 
have come to light.' The fact, too often ignored, that both bromine 
and chlorine water contain halogen hydride and the correspond- 
ing oxy-acid in equilibrium, naturally complicates such reactions, 
but it has been shown, 3° in the case of fumaric acid, that the 
essential result is the formation of bromohydroxysucciuic acid, 
COaH-CH'.CH-COoH — > C02H-CHBr-CH(0H)-C0.H, 

32 p. A. Levene and C. H. Allen, J. Biol. Ckenu, 1916, 27, 433 ; A., i, 3. 

33 B. Cahen and W. H. Hurtley, Biochem. J., 1917, 11, 164 ; A., i, 535. 

34 W. Borsehe, Ber., 1916, 49, '2538 ; A., i, 117. 

33 E. Biilmann, Rec. irav. chim., 1917, 36, 313 ; J.., i, 378. 
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thus emphasising the important part played by hypobromous acid 
ill these additions. Crotonic acid behaves similarly to fumaric 
acid, and the observation that the normal addition of bromine is 
favoured by the presence of potassium bromide is consistent with 
the fact that the equilibrium between halogen hydrides and their 
oxy-derivatives is displaced by the presence of halogen salts. 
Other evidence of a different nature pointing to the conip^tively 
large proportion of hypobromous acid present in bromine water 
lias been furnished as a result of estimating the relative amounts 
of ethylene broraohydrin and ethylene dibroip.ide formed on 
absorbing ethylene in aqueous bromine.^c 

Halogen acids of the aliphatic series continue to occupy the 
attention of many investigators, and, as a rule, the object of these 
inquiries is to gain evidence as to the mechanism of changes in 
which the substituting halogen atoms are replaced. Considering 
the frequent anomalies encountered in such reactions, it is not 
surprising that, as the result of physical studies, many perplexing 
features are disclosed for which no rerady explanation can be 
found. The observation ^7 that, during the action of sodium 
methoxide on sodium monobromosuccinate, the proportion of 
bromine ionised exceeds the corresponding decrease in the alkali 
titre, may no doubt be accounted for on the supposition that inter- 
mediate compounds are formed, and this seems to be another 
feature of iS-snbstitnted acids which is not shared by a-isomerides. 
Naturally enough, considering the interest attached to work of 
this nature, there is a tendency for researches to overlap to some 
e.xtent. Thus, the decomposition of bromoacetic acid in alcoholic 
solution has been studied with results which, with one exception, 
may be classified as normal.^s When, however, the change is 
modified by exposure to powerful light, under conditions which 
exclude access of alkali, the solvent alcohol and the bromo-acid 
react so as to give the simple oxidation and reduction products. 

CH.Br-CO.H -f- aHg-OH -> CH3-C0.2H + CHg-COH -h HBr. 
Another research forming part of a general study of the reactivity 
of halogen atoms in organic combination's deals with the action 
of alkalis on alkali bromopropionates or bromoacetates, and is less 
restricted in scope than the paper discussed above in that the 
effect of solvents in influencing the displacement of the halogen 
is established. 

During the period now under review, comparatively few papers 

J. Read and Miss M. M. T., 1917, HI, 240 ; A., i, 313. 

E. H. Madsen, Zeitsch. physilcal. Ghem., 1917, 92 , 98 ; A., ii, 250. 

H. W Cassel, ihid., 113 ; A., ii, 249. 

G. Senter and H. Wood, T., 1916, 109 , 681 ; A., 1916, ii, 523. 
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have been concerned v.ntli simple haloids, and, as it is lIiu- 
impossible to deal with them in a separate section, they niAv 
perhajDs be discussed at this stage. An old problem, the isomerisa- 
tion of /*-obiityl bromide, has again been exhaustively studied. 
When carefully purified, the compound proves to be unexpectedly 
labile, being transformed with comparative ease into the tertiary 
isomeride. The change is not only accelerated by various agents, 
but is retarded by a number of negative catalysts, including iso- 
butyl alcohol, so that the real instability of the haloid is not, 
revealed until a. high degree of purity is attained. Curiously 
enough, although isobutyd bromide rearranges to the tertiary 
isomeride in the gaseous state, the change is but little affected by 
the catalysts which are most reactive in the case of the liquid 
compound. These observations afford a ready explanation of the 
results described in a closely related investigation on the dissocia- 
tion and rearrangement of the isomeric butyl bromides. 

Recent studies of organo-metallic compounds are, of course, onh’' 
distantly connected with the subjects now under discussion, and, 
in any case, the objective of such work lies within the province of 
another section of this Report, but it may not be out of place to 
direct attention to evidence which is strongly in favour of the idea 
that the four valencies of lead are inter equivalent and are prob- 
ably symmetrically arranged in space. 


Of the organic reactions which are periodically rediscovered, 
few can compete with that in which an interchange of alkyl groups 
takes place between an ester and the solvent alcohol under the 
influence of metallic alkyloxides. Another instance is forth- 
coming'^^ in the case of ethereal oxalates, which can be intercon- 
verted by treatment with the appropriate alcohol containing 
potassium hydroxide in solution. Reactions of esters, which in 
the strictest sense are novel, have not been prominent recently, 
and, in a field so well explored, it is not surprising that much of 
the current work involving these compounds is of a semi-physical 
nature and is largely concerned’ with isomerism or tautomeric 
changes. Thus, methyl formylphenylacetate has been very 

A. Michael, E. Scharf, and K. Voigt, J. Amer, Chem. Soc., 1916, 38, 
653 ; A., 1916, i, 361. 

B. F. Brunei, ibid., 1917, 39, 1978 ; A., i, 625. 

Gc. Griittner and E. Krause, Ber., 1917, 50, 202 ; A., i, 256. 

« ISr. C. Qua and D. McLaren, J. Amer. Chem. Soc., 1916, 38, 1803 ; A., 
1916, i, 709. 

D* 



74 ANNUAL REPOKTS ON THE PROGRESS OF CHEMISTRY. 


tlioroiiglily examined^* and its react ious described in great detail. 

in the case of tlie corresponding etliyl compounds, two modifi- 
cations liave been isolated, and the a-forni, which is remarkably 
stable, is regarded as possessing the eiiolic structure 
OH*CH:CPh*CO,Me. 

The j8-form is likewise stable and does not seem to be readily 
transformed into the more reactive a-isomeride, but perhajos the 
most valuable aspect of the work is the warning issued against a 
too ready acceptance of evidence as to structure which is based 
on the colour reaction towards ferric chloride. When dissolved in 
methyl alcohol, the enolic form of methyl formylphenyl acetate 
gives a positive result with the reagent, but the colotir fades, an 
observation which might be attributed to conversion into the aldo- 
isomeride. The evidence, however, is, in this case, inconclusive, 
as a definite methyl alcoholate is formed which gives no coloration 
with ferric chloride, although, in justice to the colour reaction, it 
should be stated that this additive compound is doubtless derived 
from the aldo-form, and its formation is thus a proof of tauto- 
meric change. Our information on the ethereal formylphenyl- 
acetates is certainly becoming more definite, but the view that 
isomeric forms attain a keto-aldo equilibrium in solution is not 

without its critics.^5 

Clear and well-defined evidence has now been obtained “which 
identifies the labile hydrogen atoms involved when j8-diketones or 
i8-ketonic esters undergo enolisation. Selecting the test case of 
the compound hitherto termed ethyl diacetylmalonate, it has been 
shown that the irregular constitution ascribed to the substance 
is no longer tenable. The fact that many properties of the com- 
pound, both positive and negative, are not in agneement with 
the formula [CH 2 ^C( 0 H) 2 ] 2 C(C 02 Et )2 receives ready explanation 
from the suggestion that it is in reality the normal acetate of 
enolic ethyl monoacetylmalonate, CH3-C(OAc):C(C02Et)2. The 
proof on which this claim is based involves the direct preparation 
of the substance by the acetylation of ethyl acetylmalonate, and 
also the fact that the acetylation of ethyl propionylmalonate and 
the propionylation of ethyl acetylmalonate give rise to products, 
figured below, which are isomeric and not identical. 




COgEc 

C02Et 




COgEt 
OO.Et ■ 


This disposes of a case, apparently irregular, in which enolisation 
had involved hydrogen unattached to the carbon atom situated 


W. Wislieenus and pupils, Annalen, 1916, 413, 206 ; A., i, 268. 
W. Dieckmann, Ber., 1916, 49, 2213 ; A., 1916, i, 820. " 
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between the carbonyl groups, and, in the paper quoied,-^^’ L-onviiicing 
evidence is produced which rot’ers ethyl acetylmalonate and acet^il- 
acetoue to enolic structures ol normal t^-pe. 

Still another explanation of the conversion of ethyl acetate into 
ethyl acetoacetate is rendered iiossible through the observation 
that the latter compound is produced from dimeric heten by the 
action of alcohol containing sodium ethoxide. On this basis, the 
suggestion is made that the first effect of the sodium used in the 
reaction is to convert the simple ester into a metallic alcoholate 
of the keten type CH 2 tp(OjSla)-OEt. In this connexion, it may be 
remarked that a considerable amount of research is being devoted 
to keteiis generally, and a good case has been made for the claim 
that dimeric ketens are not, after all, to be regarded as deriv- 
atives of cyc?obutane-l . 3-dione, although they may be readily 
transformed into such compounds.^’ In order to settle this point, 
various cycZobutanedione derivatives have been examined and 
found to respond to the usual ketone reactions, and to differ in 
practically every respect from the related dimeric ketens. Further 
studies have also been made of the jiolymerisation of ketens, and 
it has been shown that the introduction of the carboxyl group 
enhances the instability of the compounds. Attempts, based on 
this special reactivity, to pass directly from a keten-monocarb- 
oxylic ester into the corresponding cyc/obutane derivatives have, 
so far, met with no success, as substituted pyroues were formed. 
Work of this description is hampered not only by the experimental 
difficulties encountered and the instability of the products, but 
also by the fact that the prediction of even the approximate 
proj^erties of the compounds is invested with much uncertainty.^^* 

The Sugar Group. 

The special feature of the past year’s publications dealing with 
the simpler sugars has been the renewed attention paid to optical 
properties, and more particularly to the phenomenon of muta- 
rotation. On first inspection, there could be no more unpromising 
field in which to search for relationships between structure and 
optical rotatory power, but the results accumulated during the 
past ten years have strengthened the conviction that, in the sugar 
group, configuration and specific rotation are simply related, and 
thus optical values may serve as a guide to constitution. 

K. von Auwers and E. Auftenberg, Ber., 1917, 50, 929 ; A., i, 627. 

G. Scliroeter and pupils, ibid., 1916, 49, 2697 ; A., i, liS. 
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At the same time, miitarotation continues to disj>lay ever- 
increasing complications, but its study, as is inevitably the case 
where exact physical measurements are concerned, has resulted in 
the development of improved methods for preparing and purifj’- 
ing the compounds examined. These considerations have been 
apparent in directing much of the cuiTent work on sugars. Thus, 
it has been shown that glucose of exceptional purity may be 
obtained by using acetic acid as a crystallising medium, and that, 
moreover, either the a- or j8-form may be se23arated by modifying 
the conditions of solution. In the writer’# exjieiaience, the rise of 
acetic acid is most effective, and, in the case of jS-glncose, is some- 
what more convenient than the older method of crystallising from 
pyridine. The latter method, however, still continues to be used 

successfully. 53 

Another sugar preparation to which attention should be directed 
is that of mannose, which can be obtained by acid hydrolysis of 
vegetable ivory, and may even be isolated in the solid form with- 
out the intermediate formation of the phenylhydrazone.®'^ This 
marks a very substantial step, as research on mannose has always 
been restricted by the comparative inaccessibility of the pure 
crystalline sugar. The above examples, although typical, do not 
by any means exhaust the list of improved methods of preparation 
which have recently been described, but they are suiticiently 
striking to indicate one of the indirect benefits conferred by the 
study of mutarotation. 

Turning to some of the optical results which have been described, 
special interest will be taken in new data contributed in suppoit 
of Hudson’s generalisation affecting the molecular rotations of a 
and i8-forms of sugars. The essential feature of Hudson’s view, 
namely, that the difference between the molecular rotations of the 
a- and Aforms of mutarotatory sugars is a constant, is now widely 
accepted, and has recently been put to the test in the case of 
thirteen natural or synthetic sugars.^® The compounds selected 
show considerable diversity of type, yet, on the whole, the general- 
isation is well supported. Somewhat discordant results were 
obtained with mannose, lyxose, and rhamnose, although, in the 
case of the last-mentioned sugar, this is not surprising. It may 

C. S. Hudson and J. K. Dale, J. Amer. Ghem. Soc., 1917, 39, 320 ; A., 
i, 320. 

A. W. Mangam and S. F. Acree, ibid., 965 ; A., i, 446. 
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be remarked that the initial values of the specific rotations quoted 
in the paper were arrived at by the indirect method based on 
solubility measurements.^^^- and new maximum values have in 
this way been attached to several common sugars. 

An important extension of Hudson’s views is marked by the 
appearance of a paper in which the specific rotations of the 
phenylhydrazides derived from acids related to the sugars are 
compared. Analysis of the data shows that the asymmetric system 
attached to the a-carbon atom exerts a preponderating influence 
on the activity «f these compounds and determines the sign of the 
rotation. The result has been substantiated from other 
sourceSj®^' and another example has thus been added to the cases 
in which the polarimeter serves as a guide to structure. The 
search for simple optical generalisations of this nature is a develop- 
ment which is certain to attract many workers, and signs are not 
wanting that the quest is being extended.®^ 

With regard to the action of reagents on simple sugax’s, there 
is little to report. Attempts to isolate definite thio-derivatives of 
glucose have been continued, but have met with scant success. 
On the other hand, in a closely related topic, an interesting result 
has been obtained in decomjDosing glucose ethylmercaptal by one 
molecular proportion of mercuric chloride.^® The reaction yielded 
a crystalline ethylthioglucoside, which presumably has the 
structure 

OH'CH2-CH(OH)*9H-[OH-OH]2-9H-SEb 

and a considerable enlargement of the chemistry of glucosides may 
quite conceivably result from this single observation. 

Mention should perhaps be made at this stage that full work- 
ing details of the method of degrading sugars, by the action of 
sodium hypochlorite on the amides of the corresponding acids, are 
now available in an accessible form. The process has been referred 
to in previous Reports, and, considering the excellence of the 
method, an account of the working conditions will be welcomed.®^ 
Little support, will be given by workers in this field to the popular 
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impression that sugars are readily characterised by means of their 
osazones, and it is not surprising to find that research is still 
applied to the discovery of well-defined sugar derivatives suitable 
for identification. p-Tolylhydrazine has been used to some 
extent, but many of the products show an undesirable tendency 
to melt at practically the same temperature. This objection does 
not apply so forcibly to the use of diphenylmethanedimethyh 
dihydrazine, which ajjpears to act in precisely the cases in which 
phenylhydrazine gives inconclusive results/'"- 

The discovery of two new natural sugars is in itself noteworthy, 
but particularly so when both comiiounds belong tcf the heptose 
series. From the aqueous extract of the avocado pear, a crystal- 
line mannoketoheptose has been isolated which shows the normal 
properties of a reducing sugar, although it has not yet been 
separated into mutarotatory forms.<^^ Comjilete evidence as to 
structure was obtained by reduction and osazone formation, and 
points to the configuration 

H H OH OH 0 

OH -OH —6 C C— (i C~CH,*OH 

OH OH H i 

The sugar is not fermentable by yeast, and the- same holds true 
for sedoheptose, which has been isolated from the leaves and stems 
of Sediim sj^ectahiled^ Hot the least interesting feature of the 
latter heptose is the apparent ease with which it is converted into 
an anhydro-derivative by processes which are much less drastic 
than those necessary for the formation of an hydroglucose. 

Although during the past year research on standard lines has 
obviously been somewhat limited so far as reducing sugars are 
concerned, much attention has been paid to problems which have 
a more immediate bearing on existing conditions. Of these, only 
one need be mentioned here. Commercial syrupy glucose has long- 
been recognised as a highly complex mixture, but it will come as 
a surprise to many to learn that the glucose content of average 
samples may be as low as 12 per cent., and that the proportion 
of maltose present generally exceeds that of glucose.'^^ 
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The synthesis of glucosicles by the agenc}’' of tetracerylbroino- 
giiicose still gives profitable results, and the work is marked bv 
one or two features which are worthy of note. 

Mention should be made, in the first instance, of the success 
attending Fischer's efforts to synthesise manclelonitrile-glucoside. 
which has been obtained in the racemic form and also in the d- 
and /-varieties Ths key to the synthesis is the use of ethyl 
r7/-mandelate in the reaction with tetracetylbromoglucose, a pro- 
ceeding which limits the condensation to the hydroxyl group. 
Thereafter, the racemic product is converted into the mixture of 
amides, which are separable by crystallisation into the two active 
forms. After dehydration, so as to produce the corresponding 
nitriles, the acetyl groups are removed by the action of ammonia, 
and, although the change is accompanied by racemisation, this 
enabled the resulting ?//-nmndelonitrile-glucoside to be identified 
with natural prulaurasin. 

The ultimate resolution does not seem to have been unduly 
troublesome, and both d- and Z-mandelonitrile-glucosides were 
ultimately obtained. The former proved to be identical with 
sambunigrin, and this result by no means exhausts the features 
of a highly important paper .^2 

As is well known, when tetracetylbromoglucose enters into 
reaction with an alcohol or phenol, the liberated hydrobromic acid 
generally effects the gradual removal of the substituting acetyl 
groups, and thus complex mixtures are formed which are trouble- 
some to separate. To overcome this difficulty, quinoline, or even 
soluble alkaloids, may be employed, and the efficiency of the former 
reagent is well marked in some of the recent work described by 
Fischer. For example, the glucosides of phenol/^ menthol, and 
resorcinol have been obtained by this method, and it would 
appear that the work is being carried out with the ultimate object 
of preparing glucosides of physiological importance. This is a 
most desirable development, as only too frequently the synthesis 
of glucosides appears to be directed merely to the preparation of 
new compounds of little permanent value. At the same time, the 
idea that glucosides are uniformly more reactive physiologically 
than the parent substances has not been well maintained, and to 
the numerous exceptions already recognised may be added the case 
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of the glucoside of dihydrocupreine. Although they are- interest- 
ing compounds, the alkaloidal glucosides as a class have been but 
little studied, and this is not surprising, as, judging from results, 
their examination by ordinary methods can give but little 
satisfaction."® 

A slight variation of the customary type of glucoside synthesis 
is introduced by the interaction of tetracetylbromoglucose with 
the silver salts of organic acids. The acetylated glucose esters 
thus produced are peculiarly prone to undergo hydrolysis, and 
attempts to remove the acyl groups resulted in complete rupture 
of the complexes. The work has nevertheless yielded #one interest- 
ing observation, in that, when silver salicylate is used in the con- 
densation, two isomeric substances are formed. Of these, one 
is the expected salicylate of tetra-acetylglucose, whilst the other 
is a salicylic acid tetra-acetylglucoside. From this result, the 
reasonable conclusion is drawn that silver salicylate exists in two 
modifications, 




and 




-OAg 


and, in view of the behaviour generally of the silver salts of 
hydroxy-acids, it would actually appear that in such compounds 
the metallic atom is distinctly labile and can react either in the 
carboxy- or hydroxy-position. 


Disaccha7'ides and Polysaccharides. 

Authentic syntheses of disaccharides by biochemical agency is 
making gradual progress, and the results will be more widely 
appreciated now that definite crystalline compounds are being 
isolated from syrupy mixtures. The characterisation of two 
inutarotatory galactobioses marks a distinct step and gives 
promise that, in this way, more light will be shed on the complex 
problem of how monosaccharides are structurally linked. A.lready 
there seems good gi’ounds for the belief that our blackboard illus- 
trations will soon require modification in this respect. Other 
research on disaccharides has, on the whole, followed normal lines 
and discloses few outstanding features. 

One exception to this statement is presented by the synthesis 

P. Karrer, Ber., 1916, 49, 1644 ; A., 1916, i, 832. 

A. Heiduschka and H. Sieger, ArcTi. Pharm., 1917, 255 , 18 ; A., i, 407. 

P. Karrer. Ber., 1917, 50, 833 ; A., i, 539. 

E. Bonrqnelot and A. Aiihry, Cnn^pf. reml, 1917, 164 , 521 • 4 i 250 

IbiJ.. 443. A., i, 250. 
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of the siilpliiir and seieuiiim analogues of /.s-otrelialose,'^'^ StarLing 
from that invaluable reagent tetra-acetylbromoglncose, the action 
of potassium hydrogen sulphide in alcoholic solution couples the 
two hexose residues through the sulphur atom, and, by the agency 
of alcoholic ammonia, the acyl groups were then eliminated. The 
thioisotrehalose thus formed is a definite crystalline compound 
which is notably stable towards mineral and organic hydrolysts, 
and the same holds true for the corresponding selenium derivative. 
Even admitting that the formation of these disaccharide analogues 
appears to have been accidental, their discovery is- not -without 
importance' 

From year to year great variation is shown in the number of 
pa23ers dealing with polysaccharides, and the period under review 
has been more fruitful than usual, although, naturally enough, 
the results described are often vague and obscure. Among the 
more definite investigations may be noted a further study of the 
trimethylglucose obtained from methylated cellulose by hydro- 
lysis.^'' The compound in question may be regarded as a frag- 
ment of the cellulose complex in which the original hydroxyl 
groups are alkylated, and thus the structure becomes an important 
consideration. For various reasons, the constitution is repre- 
sented by 

OMe*CH 2 -CH(OH)*OH-CH(OIHe)*CH(OMe)'CH‘OH 
I 1 

and a distinct advance has been made in relegating the compound 
to the butylene-oxide type. 

As has recently been the case, publications on the chemistry of 
starch have been fairly numerous, but the results are less definite 
than those to which reference was made in last year’s Report. 
The suggestion that formaldehyde may display diastatic proper- 
ties towards starch has been vigorously disputed,®^ and has 
elicited in reply a tabulation of the evidence in favour of the 
view.'^^ Considering, however, the fact that the action of form- 
aldehyde on simple disaccharides or on hexoses is still obscure, 
it would appear ihat, even if the diastatic action is substantiated, 
little progress will have been made in studying the degradation 
of the polysaccharide. 

W. Schneider and F. Wrede, Ber., 1917, 50 , 793 ; .4., i, 540. 

SI W. S. Denham and Miss H. Woodhouse, T., 1917, 111, 244 ; A., i, 320. 

82 G. Woker, Ber., 1916, 49, 2311 ; A., i, 61. 
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Optical Activity. 

As stated in tlie preceding section of this Report, ranch recent 
work on optical activity has been concerned with members of the 
sugar group, and as many of the results have a structural appli- 
cation, they are appropriately described under carbohydrates. 
With reference to optical activity generally, somewhat new ground 
is being opened up by the collection of data as to the specific 
rotations of optically active ketones and djketon^s, but the work 
has not proceeded far enough to render possible more than quali- 
tative relationships between structure and rotatory power.^*'' In 
other fields, however, a number of definite observations have been 
made, and in the first instance attention may be directed to the 
successful preparation of diaminoglycerol in d- and Z-forms.®^ 
Inspection of the Reports for the past two years will give an idea 
of the research of which this forms part, and of the special difficul- 
ties encountered in previous attempts to jobtain the desired active 
compound. 

Starting from optically active glycerol ajS-dibromohydrin, reac- 
tions designed to displace the halogen atoms by amino-groups 
resulted uniformly in the destruction of the asymmetric system.^'* 

This difficulty has now been got over by deferring resolution 
until after the introduction of the amino-groups into the required 
positions, so that the synthetical scheme commences with methyl 
allyl ether. The various stages are summarised below : 
CH,:CH.CH,.OMe OH.,Br*OHBr-CH,.OMe 
inactive CH2(NH2)*CH(NH2)-CH2*OMe 
d- or Z-CH2(NH2)*CH(NH2)-CH2-OMe 

d- or Z-CH2(NH2)-CH(IIH2)*CH2-0H. 
The reaction between the dibromohydrin and ammonia gave very 
2Door yields, and the resolution, which was carried out on the 
diaminomethoxypropane, appears to have given trouble, but the 
result is a triumph over a combination of severe experimental 
difficulties. The appreciation of the writer is in no way diminished 
by the fact that, some years ago, in an attempt to solve the con- 
stitution of glycerol methyl ether, he attempted precisely the same 
series of reactions, but without success. 

H. Rupe and S. Wdd, Anmilen, 1917, 414 -, 111 ; A., i, 538. 

E. Abderhalden and E. Eichwald, Ber., 1916, 49, 2095 ; A., 1916, i, 795. 

* In the Report for 1916 (p, 74) the inactive diaminohydroxypropane 
obtained by Abderhalden was incoi’reetly described as being internally 
compensated, a mistake for which the writer of the Report is alone responsible. 
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Tlie .{ipplication of pliysical metliorls to tlie stiidv of optical 
activity is on the increase, and is contributing to the formation 
of clearer views as to the mechanism of optical inversions. Under 
this heading, reference should be made to some results obtained 
ill converting active bromosticcinic acid into the correspoiidinir 
thiolmalic acids and xanthosuccinic acids. In the case of the 
latter compounds, the reaction has been shown to proceed in 
two different ways, one direct and the other through the inter- 
mediate agency of the active lactone of malic acid. 

rZ-xanthosuccinic acid 

A 

Z-Bromosuccinic 

acid 


rZ-malolactone Z-xanthosiiccinic acid. 

Reaction *4 is thus one of direct substitution, whilst B involves 
addition of potassium xanthate to the lactone. The two reactions, 
although simultaneous, proceed at different speeds, and the change 
can be controlled so that sliccessive crops of the product show a 
diminishing dextrorotation until ultimately the sign of activity is 
reversed. Obviously in one of these competing reactions a stereo- 
chemical change must take place, and, as the result of a carefully 
conceived series of tests, the conclusion is drawn that the change 
ill question occurs during the direct I'eplacement of bromine. 
Z-C0.2H*CHBr-CH2*C0.H + E:S-CS-0Et — > 

<7-C02H‘CH(S-CS-0Et)-CH3*C02H. 
Most of the results summarised above are based on the determina- 
tion of reaction velocities, but other physical measurements can 
also be used to good effect in studying optical transformations. 
Thus, as an extension of previous work on similar lines, the 
systematic determination of the dissociation constants of phenyl- 
hroinoacetic and phenylhromopropionic acids has been under- 
taken as part of a general study of the Walden inversion. 
In this connexion, attention should he directed to fresh results 
on the effect of solvent media in influencing these optical changes. 
Taking as a test case the conversion of phenylchloroacetic acid 
into the corresponding amino-compound, the reaction has been 
conducted in twelve different solvents, with results which show 
that inversion occurs in half of the examples studied. The 
behaviour of water and liquid ammonia as solvents is shown 
generally to be similar, although, in the latter case, the pre- 

B. Holmberg, Arlciv. Kem. Min. Geol , 1916, 6, No. 8 ; A., i, 115. 

G Senter and S. H. Tucker, T., 1916, 109 , 690 ; A., 1916, ii. 524. 

G. Senter and G. H. Martin, ibid., 1917, 111 , 447 ; A., ii, 301. 
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dominar-t reaction is accompanied by tbe formation of miinodi- 
plimivldiacetic acid 

Many synlbetical possibilities are involved iii the use of optic- 
ally active glvceraldehyde and some recent results aie ■\voithy of 
note It appeals'^- that cZ-glyceraldehyde dmiethylacetal is some- 
what more stable than might have been expected from the nature 
of these compounds and, for complete hydiolysis. lequires the 
use of 0 1 J\''-siilphuric acid at 50° The active product thus 
obtained, when subjected to the eyanohydiiii reaction and sub- 
=ecjuent livdrolysis gives a mixtiiie of active acids' On oxidation 
of the primal y alcohol group ?-tartaiic acid is the -onh^ active 
product isolated, so that it is now possible to coi relate the active 
glyceraldehydes with d^-glucose and to apply to the former com- 
pounds the expressions d- and 7-, according to the conventional 
system As the dextroiotatory foim of the aldehyde is the vaiiety 
which gives 7-taitaric acid, it is regarded as the d-coni pound 
1 elated to (^-glucose 

Even to those who have no personal experience in work on 
optical activity, it must be evident that few branches of research 
present greater difficulties Inversion effects, racemisation, and 
the uncertainty of deciding when a compound is optically pure or 
optically homogeneous, are obstacles which frequently have to be 
faced, but when special experimental difficulty is encountered in 
the preparation of test compounds, the prospects are not 
encouraging The latest contribution to the optical study of the 
diphenylsuccimc acids furnishes a case in point as work designed 
to convert the 7«e'0-estei into a mixture of the active acids in un- 
equal amounts broke doim through the unexpected stability of 
the 7-menthyl esters Xot only so, but the formation oi the normal 
menthyl esters of the active acids was accomplished only in one 
case and even such a tru'^tworthy reagent as thionyl chloride 
failed to overcome this difficulty **3 


ytf' orjpjt ( 'ornpofi nds 

During the f.eiiod now under leview, public atioiib dealing with 
nitrogen compounds have been numeious, and it has been a mattei 
of more than usual difficulty to draw even an approximate line 
w’heie true aliphatic compounds end and heterocyclic compounds 
begin The policy, lecently lollowed, has therefore been con- 

'■1 Gr SenteiandH D K Drew, T 1916,109 1091, 4 1916, i, Slo 
- A Wohl and F Momher, Ber , 1917, 50, 4:55 . A , i. 310 
^ H Wi&n and * J Still. T 1917, 111, dl3 , A , a, 456 
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tinned pf limiting consideration, as far as possible, to compounds 
wliicli are essentiall}" open-chain structures. 

The preparation and study of simple amines has occupied a 
prominent place in recent literature, and reference has already 
been made to an explanation which has been put forward to 
account for the formation of mono- and di-niethylammes by the 
agency of formaldehyde. In addition, the method of preparing 
amines which is based on the interaction of potassium phthalimide 
and^chloro-compounds has been considerably modified as the result 
of the observation that, when applied to a-chloro-w-propyl alcohol, 
the product formed is a derivative, not of fsopropylamine, but of 
yi-propylamine. Investigation of this abnormal reaction has 
shown that the first stage is the removal of hydrogen chloride, 
with the consequent formation of propylene oxide, which then 
combines additively with a molecule of phthalimide. 

0 

CHa-CHCl-CHa-OH CSs-CH-OH, 

CH/CH(0H)-CH2-N<^^>0,H, — ^ CH3*CH(OH)-Cfl2-NH2. 

This has resulted in the use, in the same general reaction, of pre- 
formed alkylene oxides, several of which have been found to react 
with potassium phthalimide to give ultimately primary amines. 
By the use of such compounds as epichlorhydrin in place of an 
unsubstituted oxide, a jihthalimide derivative of the type 

CH.2C1-CH(OH)-CH2-K<^q>C6B4. 

is obtained, and as chlorine can be readily displaced by bromine 
in this compound, it will at once be seen that the synthetical 
possibilities thus opened out are very numerous. Other routes to 
brominated amines are, of course, possible, and, in example, the 
cases may be cited in which bromoethylamine and bromoixj- 
propylamine^^ have been prepared from the corresponding amino- 
alcohols. Before leaving the subject of amines, it may perhaps 
be noted that fresh complications have been added to the problem 
as to the function of small quantities of iron and free acid in 
reducing nitro-compounds. It has been stated®® that nitro- 
paraffins are reduced to the corresponding amines by this agency, 

9* S. Gabriel and H. Ohle, Bar., 1917, 50, 804 ; A., 563. 

95 S. Gabriel and H. Ohle, ibid., 819; A., i, 565. 

98 S. Gabriel, ibid., 826 ; A., i, 541. 

9’ S. Gabriel, ibid., 1916, 49, 2120 ; A., 1916, i, 794. 

98 H. Krause, Ghem. Zeit., 1916, 40, 810 ; A., 1916, i, 793. 
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e\eu Vilitn tlie b^bitm i'' alioAecl t& becoiue alkaline aiia m bucli 
It iS evLcIent. ilial ftiioii'. tydioxifle lalhei tlia'. lerroLi- 
chloiine iiiUbt be le^aided as one ui tbe eLeclive reducing agent" 
So ±ai as e:Scieiicv is concerned, tKe piocess mentioned above is 
lu no sense infeiioi to catalytic metbods loi ledtiCiiig nitio-coiu- 
ponnd" In tins connexion mention may be made oi the uidnect 
pioduction of piiniary amiues fioiii adicyl lutiite" by leduction 
Uiidei conditions ■\\hicL lead to the tiaiment foiinatioii of the 
coiiespoucling niiio-compouuds 

Consiaeiing the mipoitanee ot leactioiis i-n’oIv:ng cdvei salts 
and alkvi haloids and the so-called abnci ’^"aLties a^splayed by 
"i-vei cyanide in paiticulai, nett ideas on the "tiuclnie ot the 
lattei compound ate tvelcome h'lom the fact that silvei cyanide 
and methyl lodiae leact at the o-dinaiy teinpeiaUue to give 
(AgXCKJl^t«IJ tthilst at the pioduct coiitanis an additional 
molecule of the haloid and is doubtless (AgXC CH3l)2 the sug- 
gestion has been made^ that the silvei salt may be lepreseiiteJ by 

the structure Ag-XIC.N^^^^ This idea ceitainlt accounts foi 

the successive addition of two molecules of methyl iodide, and 
appeals to be consistent with many other leacnons ot the salt 

Considerable inteieat will be taken in the maiked revival oi 
i\ork on aliphatic diazo-compounds no lewer than eleven "con- 
secutive papeis on this subject being contributed by Staudingei 
and h.s pupils In dealing with a mass of experimental remits 
vhioh 13 almost unvieldy the desiiable jiolicy has been lollowed 
by the author or pietacmg the 'eiies of publication'? by a geneia’ 
intioductiou “ 

The methods of pieparation adopted involved either the use of 
nitiosomethanes on modified lines or the mild oxidation of 
appiopnate hydiazones and the properties of a considerable 
number of new diazo-compounds hate now been desciibed Most 
of the?e Eie ‘?ub'?tituted ciazomethanes, and special attention hab 
been paia to diphenyldiazomethane, which appeai= to be con.- 
paiatively stable^ 

Although It leadiiy gaves the noimal leactioiis of such com- 
pounds attempts to utilise the reagent ±oi the pioductioii o: 
diphenvlsulphen met with no success Xevertheless in order to 
account for the pioducts actually formed, a suggestive stiucluial 

XecgiandT C Chowdliuii T , 1017 111 89« .-1 , j. Gt>G 

- K G J Haicley, ‘>bid , 191b 109 1295 A i fsj 

- H Sta.udingei Bei 191G, 49 ISS-t , A , 1916, i, S47 

^ H Staudmger, E Antnes, and F Pfenninger, ibid , 192S , A , 1916, 
ij Sol. 
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yclieine lias been Ibrlbcouiing whicli involves- ilie transient forma- 
tion of fhe desired CPb_,! 802 -'^ Researeh on a number of consti- 
tutional problems has also been undertaken in tlie course of tbe 
work, and amongst these may be mentioned a study of tlie action 
of hydrogen sulphide on diazo-compounds generally. The fact that 
under the influence of this reagent most diazo-compounds are 
reduced to hydrazones has in the past been used as an argument 
for assigning’ derivatives such as diazo-anhydrides to a different 
structural type. It is now shown, however,^ that, in addition to 
hydr^azone formation, other reactions resulting in the production 
of thiols or thiodiazole derivatives may occur, and, such being the 
case, there seems no good reason for discriminating shar 23 ly between 
true diazo-compounds and diazo-anhydrides. Another ingenious 
structural scheme has been used as the basis of attempts to 
synthesise a second form of diphenylenediazomethane, and thus 
secure a representative for each of the rival forinulse: 



This, unfortunately, broke down,® but the results may be inter- 
preted as furnishing additional arguments for the open-chain 
structure. 

The action of acid chlorides on diazo-esters lias also been 
studied,'^ and the reaction given by ethyl diazoacetate appears to 
be typical in that two ester molecules react unequally, as shown 
below : 

CHN'^'co''Et + CHgCl-COsEfc + E-CO-CNa-COoEt. 

It is evident that, in the alijihatic diazo-series, generalisations are 
hard to find. Great variety is shown even in the colour of the 
com]30unds, but there seems to be no definite relationship between 
colour and stability, so that even in this respect speculations on 
structure have been necessarily restricted. Our views of the con- 
stitution of these compounds are thus still uncertain, and if 
Staudinger is content to compromise between the cyclic and open- 
chain types, few will be inclined to dispute his opinion. 

Another lengthy series of papers, dealing particularly with the 
azides and hydrazides of aliphatic hydroxy-acids, has appeared 
from Curtins’ laboratory. The usual methods of preparation have 
been adopted and the results are normal, but, in the case of lower 

^ H. Staudinger and F. Pfenninger, Ber., 1916, 49, 1941 ; *4., 1916, i, 852. 

“ H. Staudinger and J. Siegwart, ibid., 1918 ; A., 1916, i, 849. 

® H. Staudinger and A. Gaule, ibid., 1961 ; A., 1916, i, 853. 

’ H. Staudinger, J. Becker, and H. Hirzel, ibid., 1978 ; A., 1916, i, 855. 
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moulhers, tlie actual prorluclri are ill-dermed, altliougli tlieir deriv- 
atives crystallise well.'' This naturally jjlaces restrictions on 
detailed discussion- 

(Uirharniths . — From a publication which, appeared during the 
year,^ it would seem that the reaction between nitrous acid and 
carbamide has been too readily accepted as following the usual 
course in which priniaiy amino-groups are eliminated by this 
reagent. In the particular ease of carbamide, nitroge]i and carbon 
dioxide should be evolved in the volumetric 2Ji'oportion of two to 
one, but in practice this is never realhed, thus pointing either to 
an entirel}’ different mechanism of reaction or to the occurrence, 
in notable degree, of scondary changes in which part of the 
nitrogen is retained. The decorajiositiou with nitrous acid, more- 
over, only takes place in the jiresence of an acid which combines 
with urea, so that, strictly speaking, the reaction is confined to 
salts. In addition, cyanic acid has now been detected as one of 
the jirimary products of the change, and this intermediate com- 
pound may undergo subseciuent decomposition, the nature of which 
varies according to the conditions. Under the action of excess 
of nitrous acid, carbon dioxide and nitrogen are eliminated, but 
with low concentrations, ammonia is formed by simple hydrolysis. 
The combined results are held to be consistent with the ring struc- 
ture for urea, but the whole problem of the reaction between 
nitrous acid and cyclic comjiouiids conforming to the betaine type 
is beset with difficulties. 

The equally complex problems presented by thiocarb amide have 
also been the subject of considerable research, and the number of 
additive salts isolated has been enlarged, whilst the reaction 
between thiocarbaniide hydrochloride, and acetaldehyde has been 
ascribed to a curious change in which the salt-forming acid mole- 
cule migrates from the base to the aldehyde. These observations 
on salt-formation are of importance as a further step towards 
localising the intramolecular changes in thiocarbaniide, and have 
been considerably extended in another paper, 12 to which appreci- 
ative reference should be made. Additive compounds of thio- 
carbamide and alkyl haloids have been known and studied for a 
considerable time, and it has now been shown that the alkyl salts 
of inorganic acids are similarly cajiable of direct union with the 
base. On the other hand, esters of organic acids do not combine 

S T. Curtius, J. pr. Chem., 1917, fii], 95 , I 68 ; A., i, 635. 

® E. A. Werner, T., 1917, 111, 863 ; A., i, 639. 

A. E. Dixon, ibid., 6S4 ; A., i, 545. 

A. E, Dixon and J. Taylor, ibid., 1916, 109, 1244 ; A , i, 11. 

J. Taylor, ibid., 1917, HI, 650; A., i, 514. 
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directly with thiocarbamide. bi:t this dimcvlr^r has been overcon.e 
by double decompositions in -“.'liicli tlii&carban.ide ir.ethyi siilpli'^te 
has been snccessfully employed. The striictiire oi these additive 
compounds admits of at least three po?^:b:l:tle=. bv.t strorp evidene- 
exist? which favours the coiistictilion 




where R denotes an alkyl group. Another intere^ti^lg feature of 
the same paper is the isolation of thiocarbamide benzyl sulphate 
in a new fown. wliich is interconvertible with the variety 
])i‘eviously ^known. This result does not stand alone by any means, 
but the isomeric varieties of these and similar derivative's may be 
satisfactorily accounted for by reference to * sulphoniiim " or 
■■ ammonium types. 

Further evidence bearing on the constitution of thiocarbamide 
and related compounds is furnished by the somewhat unexpected 
reactions tvliich they display towards mercuric nitrite.^® The 
changes undergone are (fomp^ex, and in the particular case of thio- 
carbamide involve the successive reaction of two molecules of the 
metallic nitrite, followed by the disengagement of nitrous anhydride. 
Incidentally, it may be remarked that one outcome of the work 
now referred to is the isolation of definite compounds containing 
several sulphur atoms in direct attachment, and in which interest- 
ing examples of the variations in the sulphur valencie.'? can be 
traced. 

Turning to a related subject, it has been found that when thio- 
carbamide is dissolved in aqueous alcoholic ammonia, and is there- 
after treated with mercuric oxide, guanidine is formed in small 
quantities in addition to polymerised cyauamide. The latter com- 
pound originates in monomeric cyanamide, some of which evidently 
escapes polymerisation through reaction with ammoiiia.^^ These 
changes are best explained by the adoption of the formula 
]Sr:C-lSrH2 for cyanamide, and this view is strongly supported by 
the molecular refraction values determined for cyanamide and its 
alkyl derivatives.^^ 

Amino-acids . — In last year's Report, brief reference was made 
to work which had been commnced on the action of chloroamines 
on proteins and amino-acids, and a further publication on similar 
lines is forthcoming.^® It is now evident that " chloramine-T ” 
has to be regarded as a chemical reagent of considerable utility, and 


“ P. O. Ray, T., 1917, 111 , 101 ; A., i, 194. 

E. Schmidt, Arc^. Pharm., 1916, 254 . 02G ; A., i, 449. 
15 E. Colson, T., 1917, 111 , 554; A., i, 448. 

18 H. D. Dakin, Biochem, J., 1917, 11 , 79 ; A., i, 642 
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may well play a useful part in the formation of compounds which 
are somewhat inaccessible. Thus, sodium glutamate may be con- 
verted into either j3-aldehydopropionic acid or j8-cyauopropionic 
acid, according to the proportions of the reagent used, and 
numerous other examples are quoted which indicate that by this 
agency semi-aldehydes may be rendered more available. 

Before leaving the subject of the decomposition of amino-acids, 
mention may be made of a related topic which, although belonging 
to another section of this Report, should not pass unnoticed. The 
point will not be disputed that future developmenj;s in the chem- 
istry of proteins will dej)end largely on imjirovements in conduct- 
ing the fermentative degradation of polypeptides, as it is only by 
selective graded hydrolysis that the overwhelming isomerism of 
such compounds is likely to be elucidated. Although these com- 
plexities are generally recognised, the point is emphasised by 
recent calculations of the number of possible isomeric forms of 
simple polypeptides.''" Special interest is thus attached to the 
systematic attempt now being made tg sewre accurate conditions, 
controlled by physical methods, under which enzyme action on 
polypeptides should be conducted.^® 

It is satisfactory that the revival of synthetical work in this 
field still continues. Two years ago, reference vras made to the 
improved method of obtaining the A-methyl derivatives of 
rZ-alanine and related acids under conditions which exert no dis- 
turbing influence on configuration. This opens out the possibility 
of a partial resumption of synthetical work without the indecision 
as to structure attending all reactions which may be accompanied 
by Walden inversions. Thus, Z-a-bromopropionic acid reacts with 
inethylamiiie in the same steric sense as with ammonia, as it gives 
/-i\ -methylalanine. Several other examples are quoted which give 
promise that, in the synthesis of amino-acid complexes, some 
control may be maintained of the configuration changes involved. 

As is well known, during the hydrolysis of natural proteins, 
varying amounts of carbon dioxide and ammonia are formed, and 
although there are many potential sources of these products, 
analogous cases are furnished by synthetic polypeptides of a 
modified nature. As an issue of investigations on acid azides, 
complexes have been isolated which contain diamides coupled with 
amino-acid residues, and these compounds on hydrolysis give 
ammonia, amines, and carbon dioxide, in addition to the parent 

E. Fischer, Zeitsch. physiol. Ghem., 1917, 99, 54 ; A., i, 381. 

E. Abdcrhalden and A. Fodor, Fermentforschiinn, 1916, 1, 533 • 4 
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ainiiio-acids. obiervaticu led to the -^ynthesib of 3ic .v 

exaniple- of such complexes, the experiuieiital metho 1 lollo^-c-.l 
being a combination of two known proeesr-e’. ^tarniiL irom an 
acid azide, this is converted iiito the cofre^pondiim earbmd.ie. 
which, in turn, is coupled with the ester of an arnino-acid. There- 
after. by consecutive formation of the hydrazide and azi le, a new 
earbimide is obtained, which is capable of further reactioii with 
a second amino-acid molectiie. The steps of the synthe.ds are 
illustrated below in the case of a typical example: 

Hippuric acid OH2*(NHB2)*CO‘XH-KHo 

cH2(nhbz)-co-N 3 cir.,(VHBz)‘X:co 

CFJ2(NHBz)-XH-CO-KH*CHpCO.Et 

The free ester group in the last compound formulated above is 
then converted into the correspondirg acelhydrazide, on which the 
series of reactions can be recommenced. 20 The scheme i.s certainly 
ingenious as a variatio^i of ordinary polyiDeptide synthesis, and 
the jiroducts behave on hydrolysis in the expected manner, in that 
carbon dioxide and ammonia are produced in addition to the 
normal products. Another example of the preparation of a 

mixed polypeptide is furnished hy the successful synthesis of 
tyros! 5 ^Iglycine-hydantom, 2 i and. in this case also, hydrolysis gives 
a series of products closely resembling these obtained from proteins. 

Much sympathy will follow the examination of known poly- 
peptides and the preparation of new representatives, which has as 
its object the identification of the precise position in the molecule 
occupied by any particular amino-acid residue. The constructive 
units of the scheme are thus amino-acids, which possess diagnostic 
reactions suitable for identification purposes, but, in addition, 
attempts are being made to determine the position of free aniiiio- 
gTonps in the complexes."- This is accomplished by introducing 
the iiaphthalenesuljjhonyl group into the amino-position, and as 
the substituting group is not readily removed by hydrolysis, it 
persists in the cleavage jmodiicts. To take a case in point, if 
diglycylcystine is converted into the corresponding di-jS-naphthalene- 
siilphoiiyl derivative, treatment of the latter with hydrochloric 
acid gives cystine and ^-naphthaleiiesulphonylglyciue. This at 
once indicates that the glycyl residues in diglycylcystine preserve 
the amino-groups intact. The process bears a certain resemblance 

20 T. Curtius, J. pr. Ghem., 1916, [ii], 94, So ; .4., i, 199. 

21 T. B. Johnson and Miss D. A. Hahn, J. Amer. Chem. Soc., 1917, 39, 

1 — Oti J ly 4 i 

E, Abderhaldon and E. Wybert, Ber., 1916, 49, 2449, 2838 ; *4., i, 119. 
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to the method of establishing the structure of sugar derivatives by 
meChylation, follotved by hydrolysis. 

After tedious synthesis, it is often the fate of an organic coni- 
jxuind to be promptly destroyed, and this seems to have been the 
case with a number of synthetic betaines"® of the type 

K-CH CO 

Isr(Mel3*b 

When decomposed by heating, these compounds invariably yield 
a-unsaturated acids, and this is a result not without-significance" as 
acids of the same class are common plant products ^which are 
generally associated in the living organism with tertiary amines. 
In all probability, the future study of betaines will do much to 
throw light on the fate of nitrogenous compounds in plants and 
the mechanism of their transformations. 

In closing this section of the Report, it should be stated that 
access to most of the original papers has been restricted, and it 
has been necessary in many cases to work srlmost entirely from the 
abstracts. Whenever possible, these have been compared with the 
originals, and the writer feels that, on this occasion, as in each of 
the preceding four years, he owes much to the abstractors. It 
may not be out of place to express this indebtedness. 

James Colquhoun Irvine. 


Part II. — Homocyclic Division. 

Reactions. 

Halogenation . — Bromination and iodination of aromatic hydro- 
carbons can be effected readily by the action of bromine and iodine 
in the presence of nitric acid,i whilst iodination of phenols and 
nitrophenols can be carried out in quantitative yield by means of 
nitrogen iodide or by a solution of iodine in potassium iodide in 
conjunction with ammonia. ^ 

Reductioji . — The wider use of ferrous sulphate and ammonia for 
reducing nitro-compounds has been advocated,® and reduction in 

2* S. Komatsu, Mem. Coll. Sci. Kyoto, 1916, 1, .369; A., i, 139. 

^ R. L. Datta and K. R. Chatterjee, J. Amer. Chem,. Soc., 1916, 38, 2545 : 
1917, 39, 435 ; A., i, 15, 327. 

“ R. L. Datta and N. Prosad, ibid., 441 ; A., i, 332, 

^ W. A. Jacobs and M. Heidelberger, ibid., 1435; A., i, 559. 
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concent^;atecl sulphuric acid b\’ means of alijiihniuni powder lia^ 
been studied.-^ It has been found that in the electrolytic rediiclriou 
of aromatic nitro-compounds the yield of aininohydroxy-compoiinds 
is increased and that of amino-compounds correspondingly dimin- 
ished by the use of a cathode of two or more metals. In the case of 
nitrobenzene, a plain lead cathode gave ;>-aminophenol and aniline 
in the proportion of about 2 to 3, whilst a copper cathode wiiii 
lead in the electrolyte gave them in the pro23ortion of 5 or 6 to 1."’ 

Secondartf At'itlamines. — The iDreparatiou and purincatioii of 
mofioalkylated aromatic amines have been investigated. The pre- 
jiavatioii niay be effected by treating the amine with an aliphatic 
aldehyde in the jareseiice of a reducing agent in a niedium nor 
possessing a strongly acid character, when the resulting anliydro- 
aldehyde-amine, or Schifi base, is siinultaneously reduced to the 
monoalkyl aromatic amine; aniline and formaldehyde thus give 
metliylaniliue when reduced with zinc dust and sodium hvdro.xide.' 
In the preparation of secondary aryl.tinines by the condensation 
of a primary amine with §ii alcohol, the jmoduct is always con- 
taminated by some uuclianged primary amine, which is often diffi- 
cult to remove owing to the proximity of the boiling points of the 
two compounds. It has now been found " that separation can be 
effected by heating the mixtime with ethyl oxalate and fractionat- 
ing the product, the primary amine yielding an oxamic ester. 
ArjSTH'CO'COiEt, of higher boiling point, whilst the secondary 
amine remains unchanged. 

Aryl-siihstituted Aliphatic Acids. — Several methods for the pre- 
paration of these compounds have been described. The condensation 
products of aromatic aldehydes with diethyl malonate or ethyl 
cyanoacetate yield on reduction and subsequent hydrolysis aryl- 
methylmalonic acids which give arylpropionic acids on heating : 
R-CHO ^ CHo(COoEt)o E,-CH:C(CO..Et).. 

II*CHo*CH(C0.3H)o R-CH.3*CH3*C0.3H 
Hydroferulic and liydrocaffeic acids have been synthesised in this 
way.® 

Substituted naplithylacetic acids have been prepared by two 
methods. The first is an application of a method previously em- 
ployed for the preparation of substituted phenylacetic acids, ^ and 

* A. Eckert and R. Poliak, MonatsTi., 1917, 38 , 11 ; A., i, 345. 

® Soe. Chem. Ind., Basle. Brit. Pat., 18081 of 1915 ; from J. Soc. Cheni. 
Ind., 1917, 36 , 129 ; A., i, 197. 

® G. T. Morgan, Brit. Pat., 102834 ; from J. Soc. Chew. Ind., 1917, 36, 
207 ; A., i, 197. 

• J. Thomas, T.. 1917, 111 , 562 ; A., i, 451. 

® A. Lapworth and F. H. Wykes, ibid., 790 ; A., i, 572. 

® F. Mauthner, Annalen, 1909, 370 , 368; A., 1910, i, 115. 
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lias been used for bubstituted a-naplitbylacetic acids only. For 
instance, a-naplitlialdeliyde is condensed witli liippuric acid, giving 
an azlactone, which, on hydrolysis with sodimn hydroxide, yields an 
a-naphthylpyruvic acid, from which a-naphthylacetic acid is 

CjoHpCHO + CH,-lSr H-COPh 

JO.M 

ChoH/CHIC-NICPh a,H.-OH„-CO-COoH 

CO-0 ' +NH3 + Ph-C02H ’ 

obtained by oxidation. ''o The second method has been applied to the 
preparation of both a- and j3-naphthylacetic acids ; tliese are ob- 
tained in yields of 40 to 50 per cent, of the theoretical by a series 
of reactions which may be represented as follows : 

P-Me — > R*CH..Br R*CH-.-CN-^ R-CH.yCO,H. 

Ualoi/enohenoenes until Mobile Halogen. 

It is well known that mobility is co^iferfed on the halogen of a 
halogenobeuzene by two nitro-groups in the oo- or oi>positions, and 
previous work has shown that one of the nitro-groups may be re- 
placed by other groups, such as the cyano- or benzoyl groups, with- 
out preventing the mobility of the halogen. Further study in this 
field is now recorded, and the test of activity employed is the reac- 
tion with ethyl sodiomalonate and ethyl sodioacetoacetate in 
ethereal suspension. It is shown that one nitro-group alone is not 
sufficient to render a halogen atom mobile, as, for instance, in 
o-bromonitrobenzene. Of the compounds formulated below, only 


CN 

ON 

OuMe 

/\ 


()no, 

Br 

Me 

Br 

(I.) 

(II.) 

(HI.) 

COMe 

COPh 

COPh 


/\ 

BrA 




Me 

Br 

(IV.) 

(V.) 

(VI.) 


those numbered (I) to (V) reacted with ethyl sodiomalonate, and 
only (I) and (III) with ethyl sodioacetoacetate. These facts confirm 
the previous observation that a nitro-group has a greater influence 

F. Mauthner, J. pr. Ghem., 1917, [ii], 95 , 55 ; A., i, 337. 

F. Mayer and T. Oppenlieimer, Ber., 1916, 49 , 2137 ; A., 1916, i, 816. 
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Oil the inohiiit\" ol an ortho- than of a ijara-halogeii atom, and 
it vva^ aho found that the cyano-group has a greater effect in coni^i- 
ring mobility than the acetyl residue, whilst both are far ^ujierior 
to the benzoyl residue. “ 

Whilst, iiowever, the mobility of the halogen in the orthc- 
halogeiiobenzophenone (VI) was insuiEcieut to answer the loarti- 
cniar test einjiloyed, yet the benzoyl group alone confers consider- 
able mobility on a halogen atom in the ortlio-jiositioii, for 2-Iiromo- 
heuzopheiioue, like heiizoplieuoiie itself, gives benzliydrol when 
treated with ak-jeholic j^itassium hydroxide, the bromine atom being 
displaced bv hydrogen, whereas the 3- and 4-bromobenzophenones 
yield 3- and 4-bromobenzliydrois. The fact that 2-bromobeiizhydroI 
is itself stable to alcoholic potassium hydroxide shows that the 
eliiniiiation of bromine precedes the reduction of the ketone, and 
the mobility of the halogen is due, therefore, to the proximity of 
the benzoyl substituent.^'^ 


AUnjl Eintrs'^of Eohjlujdnc Phenols. 

The orientating influence of the alktdoxy-groiips in catechol 
ethers has been the subject of several papers. The first substituent 
invariably takes up a para-position, so that in the case of veratrole 
only 1-nitro- and 4-bromo-veratrole are obtained. Further treat- 
ment then yields a 4 : 5-disiibstitiited derivative in nearly every 
case, but an exception is found in the action of bromine on 4-nitro- 
veratrole, which yields 6-bromo-4-nitroveratrole. With derivatives 
of veratrole in which a first substituent occupies the ortho-position 
with respect to a methoxy-group, the orientation of a second sub- 
stituent is generally influenced by the jmlarity of the first substitu- 
ent in the sense that when this is positive it enhances, and when 
negative counteracts, the influence of the neighbouring methoxy- 
group. Thus, on nitration, 3-acetyiaminoveratrole gives 5mitro-3- 
aminoveratrole, hut o-veratr aldehyde gives G-nitro-o-veratralde- 
hyde : 

OMe OMe OMe 

r^^OMe ^OMe /^NoMe 

I Inhac no. nh, Jcho 


W. Borsehe, L. Stackmann, and J. Alakaroll-Semljanski, Ber., lOlfi, 49, 
2222 ; .4., i, 15. 

P. J. Montagne, ibid., 2243 ; -4., i, 35. 

C. S. Gibson, J. L. Simonsen, and M. G. Ran, T.. 1917, 111, 69 ; A., 
i, 203 ; J. L. Simonsen and M. G. Rau, ibid., 220 ; .4., i, 336 ; T. G. H. Jones 
and R. Robinson, ibid., 903 ; A., i, 690. 


OMe 

i^NoMe 
‘ iCHO 

NO, 
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An exception to this generalisation is found in the behaviour of 
o-veratric acid, which yields o-nitro-2 : 3-dimethoxybeuzoic acid on 
nitration : 

OMe OMe 


/NoMe OMe 

In the preparation of 3 : 4 :5-derivatives from 4 : o-disubstituted 
catechol ethers, the new substituent enters the ortho-position with 
respect to the more negative of the groups ^occupying the positions 
4 and 5 unle'^s one of tliese groups is powerfully ortho-directive. 
Thus : 

NO2 NOo 

MeOf^ \nO. Mco/NnO. MeO/^,Br MeOf^ NEi' 

/>Br MeOl jBr Med^ Jlvle MeOl^^Me • 

Two further observations hi this field may be mentioned. The 
reduction of compounds containing the methylenedioxy-group is 
known to lead in certain instances to one or both of the possible 
monophenols : 



It is now found that 4-nitrocatechol methylene ether (I) yields 
5-nitroguaiacol (II) on treatment with sodium methoxide in methyl- 
alcoholic solution : 


CH.>< 


NO, 


H0/\n02 

MeOl Etol^^ 


(1.) (II.) (III.) 

This is not, however, a case of reduction, but of hydrolysis, for 
the use of sodium ethoxide in eth^d-alcoholic solutions gives a quan- 
titative yield of 5-nitro-2-ethoxyphenol (III). 

The second discovery 1 ® is that halogens, like the nitroxyl group, 
can replace aldehyde- and carboxyl groups in catechol ethers. Thus 
piperonylic acid (IV) is converted by the action of bromine in 



(IV.) (V.) 


1 - G. Ciamiciau and P. Silber, Ber., 1890, 23, 1162 ; A., 1890, 965. 

F. L. Pyman and F. G. P, Remfry, T., 1912, 101, 1695. 

Mrs. G. M. Robinson and R. Robinson, 1917, 111, 929 ; A., i, 692. 
Jones and Robinson, loc. cit . ; compare also Miss A. M. B. Orr, R. 
Robinson, and Miss M. M. Williams, T., 1917, 111, 946 ; A., i, 703. 
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aqueous sndiuui carbonate into 4 :5-<Iibromocatecliol methylen« 
ether (V), which gives a characteristic colour reaction, and maV 
therefore prove iihetul in the investigation of acids obtained by the 
degiatlation of natural products. The question of the displacement 
of one groii]> by -anotlier — not necessarily in the case of alkyloxy- 
derivatives — has recently been reviewed in connexion with a study 
of tlie displacement of sulphonic acid groiqjs in aminosulphonic 
ai-ids liy halogen atoms.^'* It may be noted here that man}* phenolic 
ethers can be . iemethylated by melting tnem witli aniline liydro- 
t liloride 


T) j! I ! a rmr I.s r, mer Ifi m . 

Two fbhcoveries of general importaiU'e in connexion wir’n desrno- 
tropic coinponnds are reported, namely, the inhuence of soft gias'. 
0(1 the melting points of the solid coinpoiiiub. and the formation or 
additive compounds with alcohols. 

The keto-form of dibenzoyiacetylmethane. CHBz 2 *CO’OHs, was 
previously believed to exist in two forms, melting at 107 — 110- 
and 149^ respectively, the second form being obtained from the first 
hy heating with acetyl chloride. It is now found that the sub- 
stance which has not come into contact with alkali melts at loO-^ 
in Jena-glass tubes and at 107 — 110^ in soft glass tubes. After 
washing with dilute sodium acetate, however, it melts at the lower 
temperature even in Jena-glass tubes; the depression of the melting 
point in soft glass tubes is therefore due to the alkali of the glass. 
The fact that after heating with acetyl chloride the substance melts 
at 150° even in soft glass tubes is explained by tJie presence in the 
reagent of chlorides of phosphorus, which leave on evaporation 
traces of non-volatile acids sufficient to overcome the alkalinity of 
the glass. The substance melting at 107 — 110° therefore owes it- 
low melting point to rapid enolisation in the presence of alkali, and 
is not a distinct variety; consequently, there is no need for the 
hypothesis put forivard by Michael to explain the existence of two 
stereoisonieric keto-forms of dibenzoyiacetylmethane 

Earlier observations of the melting points of the enoiic form of 
tliis compound and of the ketonic and enoiic form of tribenzoyl- 
methane are corrected in the light of this discovery, and it is 
sliown 23 in a similar manner that Michael’s ;8-form of ethyl formyl- 

J. J. Sudborough and J. V. Lakhumalani, T.^ 1917, 111, 41 ; d., 
i, 128. 

2® A. Klenwne, Ber., 1910, 49, 1371 ; A., 1916, i, 820. 

21 W. Dieclonann, ihid., 2203 ; A., 1916, i, 822. 

22 Ann.^Eeport, 1912, 124. 

22 W. Dieckmann, Ber., 1916, 49, 2213 ; A., 1910, i, 820. 

REP. — YOL. XIV. E 
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,plienylacetate, which Wislicenua regarded aa a mixture of the 
a~ and 7 -t‘onna, is the yi'orm contaminated with traces of alkali. 

Further light has been thrown on the constitution of the formyl- 
plienylaeetales studies of the methyl ester."' This occurs in two 
crystalline forms, the ci-forni melting at 40 — 4i° and the j 8 -foim 
at 91 — 93°. Both are apparently enolic, since they combine with 
biomine readily and completely, and show no difference in their 
behaviour to dilute alkali. In other respects they differ, the a-form 
reacting more readily with ferric chloride, copper acetate, ami 
phenylcarbimide, whilst the ; 8 -form more Teadily restores the colour 
to magenta decolorised tiv sulphurous acid; the ^.-form gives no 
immediate colour reaction with ferric chloride. 

A .solution of the $4orm in methyl alcohol yields a crystalline 
additive product, MeOH, after keeping for a short time 

and then cooling with ice and salt, whilst the same additive com- 
pound can be isolated from the methyl-alcoholic solution of the 
a-form only aftei keejnng for a much longer time. It therefore 
a]>pears that only the i3-form is carpable of combining with methyl 
alcohol, and that the formation of the additive product from the 
a-form is preceded by isomerisation of the a- to the p-ioxm. The 
additive product does not give a coloration with ferric chloride; it 
is unstable and readily parts with methyl alcohol, leavings a liquid 
wliich gives a deep coloration with ferric chloride and eventually 
deposits the crystalline a-form. 

The ascertained facts have been very fully discussed, but no com- 
pletely satisfactoi’y interpretation can be given. It is considered 
most probable that the a- and j 8 -forms are cfs-ira>ii'-isomerides, and 


that the difference in 

behaviour towards 

ferric chloride may be 

explained by the steric 

arrangement which permits the formation 

of co-ordination compounds with the c/*‘-form only: 

H OH 

H 0 

HO H 

\/ 


XX 

0 

0 

1 

X 

w .. 

0 - 

1 

c 

c 6 

0 

/\ 

/X^ 

/X 

0(,H. CO.Me 
a-Ester. 

C,H, O-OMe 

e«H, COgMe 
/3-Ester. 


The formation of the methyl alcohol additive product and its 
probable condition in methyl-alcoholic solution are represented for 
the time being by the following scheme : 


Ann. Report, 1913, 13.> ; see A. Alichael, Annalen. 1914, 406, 137. 
A., 1915, i, 241. 

W. Wislioenus and collaborators, }hid,. 1916, 413, 200,- ‘A., i, 268 ; 
\V. Dieckinann, Ber., 1917.50, 1375; A., 1918, i. 15. 
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CH-uH 

CHU 


CH'OH 

CPa 

CHPb-rMfcOH 

CHPh 

CPh -f MeOH 


^ — 

-<■ — 


CO.iMe 

COAIe 

COAle 

COgiMe 


Procoocling sLiwiy. Pro<-eerljag mor<‘ s-apuily On cvaporaTii iii. 


but it remains to be seen wlietber or not thir- view wiil^be rnorli- 
tier? when more facts come to iight and are fully considered. Ac- 
cording to a preliminary announcement,-’’ methyl oxalacetate, 
which is enolic in the solid state but mainly non-enolic in alcoholic 
solution, also forms an additive compound with methyl alcohol ; 
this cannot be re]>reseuted in the same way as the additive com- 
j)miml with methyl formylphenylacetate. and yet it would appear 
tliat the two ca^es are t'omparable. It may be noted that the e.\'ist- 
ence of alcoholates of the lormylphenylacetates, which was sus- 
pected earlier,-" and has now been established, invalidates many 
previous explanations of the behaviour of these and other desmo- 
iroj^ic compounds in alcoholic solution. 

Whilst ethyl oxalacetate has hitherto been isolated in only one 
solid modification (the enolic), it has been found possible to prepare 
a substituted derivative of which both the enolic and ketonic modi- 
fications'- are stable.-^ This is diethyl a-oxalo-j8j8-diphenylpropionate, 
and here the keto-form is the more stable of the two : 

CO-COaEt C(OH)-CO,Efc 

PhaCH-CH-COjEt PhgCH'C-COjEt 

Other compounds which have been isolated in desmotropic forms 
are forniylnaplithylacetic esters,-^ prepared by the condensation of 
a- and i3-naphthylacetic esters with ethyl formate, and ethyl o- and 
jf>-bromocyanophenyl]>yr-uvates, which exist in colourless ketonic 
and coloured enolic forms, to which the following formulse are 
attributed : 

C«H,Br-CH(CN)-C0*C02R C,H4Br*C(CN):CXOH)-CO.>R. 

Colour and Con^iituiion. 

In recent papers the coloured additive compotinds of quinones 
and phenols (quinhydrones) and those of aromatic nitro-compounds 

W. AVislicenus and K. Eble, Ber., 1917, 50, -oO ; A., i, 271. 

A. Michael, AnnoUn, 1912, 391, 27o ; A., 1912, i. 801 : AAb Dipckmanii. 
Btr,, 1916, 49, 2213 ; A., 1916, i, 820. 

-® Wislicenus and Eble, loc, cit. 

28 Wislicenus and H. Elvert, Ber., 1916, 49, 2820 ; A., i, 202. 

S. Opolski, L. Czaporovrski, and J. Zacharski, did., 2283 ; A., i, 29. 

P. Pfeiffer, Annalen. 1914, 404, 1 ; 1916, 412, 253 ; A., 1914, i, 551 ; 
1917, i. 205 ; J. J. Sudborough. T., 1916, 109, 1339; A., i, 84. 
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,with ui< itiaiic .•uimpohikN yenorally, are broiigbi iiiio li»e with tlie 
iuii.meii roiiipouml': <jt ketone'^ with uiorganie aoiJs and iialts, the 
.•tduur ut whinh ly asrrihed hy Pt'eitt'er to halochromy.-*- Compounds 
.o>' the tvpe of ([uinhydrone-^ »'-an be obtained Irom qninone^ and 
liexametiiylbenzeiie, and con'-equently do nor depend on the pres- 
ence of ].henoiu‘ hydroxyl groups, Init rather on an attachment 
between the carbonyl oroup and the unsatiirated hydrocarbon 
inu‘lens,%'hicli may }>e reprebented as follows: 

C, H,; . . . OiC.H^iO . . . Cell,. 

The function of tlie amino- and phenolic hydroxyl suljstitnent'^ of 
tiiti henzenoid ( omponent of rjnini’.y<lrones is comsidereil to be auxo- 
chromic. Litschitz, who was jireviously unable to accept 
Pteider’s \iews on the constitution of the quinhydrones on account- 
of Ids experienceb in the spectrocliemical examination of benzo- 
qninhydrone, noW’-* finds that this memTDer is not representative 
(j 1 the class, and accepts Pfeiffer's representation. The compounds 
or .v-tri nitrobenzene and aromatic oonipoimds are probably of a 
similar type to the quinhydrones, "their formation being due to 
attaelinient between the unsaturated nitro-group and the unsatur- 
ated hydrocarbon nucleus, R*XO, . . . C^H,. The so-called 
‘■picrates” of aromatic hydrocarbons are merely a special case of 
this type of compound. Confirination of the above view of* the con- 
ditution of these oonipoimds is afforded by examination of the 
additive compounds of .s-trinitrobenzene.^^'' In these, the number of 
molecules of the iiitro-compound with wliieh one molecule of the 
aromatic compound can combine, does not vaiy with the number of 
amino-, substituted amino-, hydroxyl, or alkyloxyl groups present, 
hut rather with the number of aromatic nuclei, the additive com- 
pound containing in most oases one molecule of the nitro-com- 
pound for each aromatic nucleus. In this connexion, a condensed 
sy.'stem of benzene and heterocyclic rings, such as naphthalene and 
f|iuuoline, has to be regarded as a single nucleus, but compounds 
such as x-diphenyletliaiie and dipheiiylamine combine with two 
molecule^ of tlie nitro compound by virtue of their two sejoarate 
nuclei. 

H. Ley"^'’ has attempted to correlate the degree of unsaturation 
of certain compounds with their colour. He finds that the absorp- 
tion spectrum of stilbene is modified by the introduction of a methyl 
group in the a-position in the direction of the saturated compound 
dihenzyl. Moreover, stilbene gives a deeper yellow fusion with 

3- Compare Ann. Beport, 1916, 109. 

I. Lifschitz and F. W. Jenner, Ber., 1915, 48 , 1730 ; A., 1916, i. 45. 

I. Lifschitz, ibid.. 1910, 49 , 20.">0 ; A., 1916, i, 823. 

83 Sudbornugh. loc. c',t. 3« Ibid., 1917, 50 , 243 ; A., i, 261. 
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.'-tririitrob3iizeiie rlitiii a-ujetiivi- or a-phenyl-stilbeue. ^viiioii iuOi- 
cates that btilbeiie is the most uusaturateu of the three compoiuicl?,* 
according to ^Vernel•'s rule that, the more unsaturated the hydro- 
carbon, the more deeply coloured 1== the molecular componn 1 

H. Ivaiiffniaun.'" commenting on this paper, points out many 
diihciilties. and holds that whilst iinsaturated character i- a factor 
in the formation of chromophores, it is by no means the factor 
winch determines the degree of cliromopiioric activity. In con- 
trast to Ley's results, he finds that substitution of an a-lsydrogen 
atom of 2 : o-dimetjioxystiibene by carboxyl or cyaiio-groups, which 
are known to increase the degree of saturation of the double link- 
ing, actually causes an increase in the colour of the compound : 
(MeO),CoHcCH:CHPh (MeOlXVHcCHICPh-CO.H 

White. Paie greeiii^h-\ ellov . 

(MeOLC^H3-CH:CPli(CX). 

Deep greenish -yellow. 

ill another paper, H. Kauffmann^^ gives an account of certain 
cliromopiioric groups wliiclf have also auxocliromic functions. If 
one considers compounds of the type I and II (where Clir. is the 

NMe., >Chr Chix yChr 

, (T.) (IL) 

cliromopiioric group), it is seen that (I) contains the strongly auxo- 
cliromie group which has no chromophoric properties, and 

consequently behaves normally towards the chromophoric group in 
the p-position without regard to any auxocliromic function of tlie 
latter; in (II), however, the question as to whether the chromo- 
phoric group has auxocliromic properties is all-important. If it 
has not, there is no reason why a compound of this type should be 
more deeply coloured than the parent compound, CVH-*Chr, as, for 
instance, p-dinitrobeiizene and nitrobenzene, but if the chromo- 
phoric group-- have auxocliromic functions, each acts on the other 
ill the usual way, the effect being to produce a deeper colour than 
that of the compound CgH-j’Chr. In a case where the styryl radicle 
is the chromophoric group, p-dimethylamiiiostilheiie, 
NMe.^*C,.HpCH:CHPli, 

is wliite, whilst p-distyrylbenzeiie, PhCHrCH'CgH^’CHlCHPli, is 
\’'ellow. 

The sodium and potassium salts of ethyl o- and p-iiitroplieiiyl- 
acetate have been isolated^®; they are all deeply coloured, ami 
presumably have the qiiiuonoid formula, 

EtO*CO-CH:C,H4:NO.,Na(K), 

37 Ibid., 630 ; *4., i, 391. 3® Ibid., 51o ; A., i, 394. 

3® S. Opolski and T. Zwislocki, ibid., 1916, 49 , 1606; A., 1916, i, 815 
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likp the saltb of ^j-iiitroplienylacelouitnle.^'^ Coloured salts aiif] 
esters of o- and »^-nitropIlenylacetonitrile have also been pre- 
pared ; these are of interest in connexion with the question of the 
existence of meta-quiiionoids, for the ortho-, meta-, and para-com- 
ponnds are so similar that if the ortho- and para-compounds are 
to be regarded as quinonoids, so also must the meta-compounds. 

— In continuation of earlier work,"*- Pfeiffer'^* 
has published a second paper on the chromoisomerism of the nitro- 
methox 3 ’stilbeiies, in which it is recorded that onh’- those com- 
pounds containing the inethoxyl group in the para-poaition ^ueld 
chromoisomeric salt^. 2-Xitro-4'-methoxystilbene-4-carboxylic acid 
occur^ in a yellow and an orange form. These give orange and 

C0.H<^~^CH:CH/" \oMe. 

yellow pyridine salts respectively, from which the original varieties 
of the acid can be recovered by treatment with hydrochloric acid. 
The orange pyridine salt, however, pass^ into the j-ellow salt when 
treated with excess of pyridine, so that it is possible to pass from 
the yellow to the orange acid through the pyridine salts, whilst 
the reverse change can be brought about by heating the orange 
acid. The two forms of the acid are only capable of existence in 
the solid form, so that the phenomenon would appear to be that of 
polymorphism were it not for the fact that each can be converted 
into the other, as explained above. Elucidation of the constitu- 
tion of su^h chromoisomerides will require further work, and in 
the meantime Pfeiffer regards the subject as being on the border 
line between polymorphism and chemical isomerism, and terms it 
■ cryptoisomerisra.' 

H. Kauffmann^^ has prepared two compounds, ethyl a-eyano- 
2 : 5-diinethox3'cinnamate (I) and phenyl cyano-2 : 5-dimethoxy- 
styryl ketone ('ll), each of which occurs in two forms, which differ 
OMe OMe OMe 

,^'^jCH:C(CN)*002Et /’'^jCH:C(ON)*COPh /Nch:C(OX)2 

\/ \/ 

o:\le OMe OMe 

(I.) (II.) (III.) 

not only in colour but also in the intensity and colour of their 
lluorescence. A possible explanation that the pheiioinenoii is due 

Ann. Beporf, 1916, 110 

S. Opolski, Z. Kowalski, and J. Pilewski, Ber., 1916, 49 , 2276 ; .4., i, 25. 

Ann. Report, 1916, 108. 

« Bn-., 1916, 49 , 2426; A., i, 140. 


« Ibid., 1324 ; A., 1916, i, 817. 
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to ci'i-?‘rf 2 /'i-:someriirii is negatived by tiie ;,ici that 2 : o-diraetiioxy- 
benzYiideuemaloiionitrile (III) behaves similarly. Another ex 
planation must therefore be sought, and it is suggested that the 
molecule undergoes change- in iniernai rtate other than actual 
alteration in constitution. The authors views are enunciated a- 
the Principle of Variable States, for further pai’liculavs of which 
the original paper should be consulted 


TJif l-'nnfJf.Ki ' ut 


The results of three independent investigations on the pungent 
})riin.-iples of ginger, which have been carried out in tin- country, 
the United State- of America, and Japan re^pectively, luive been 
published almost ^lmultaneously The most important is that of 
Lapworth and his collaborators, the other two papeis covering only 
part of the ground explored by these authors. The earlier woi’k 
of Thresh and of G-arnett and CTiuer had shown that the pungent 
principles were contained iii a viscous oleo-resin. “ gingerol,'’ from 
which no crystalline derivatives were obtained. "When this sub- 
stance is methylated by methyl sulphate and alkali, it yields a 
mixture of an oil with a crystalline compound, termed inethyl- 
gingerol (Nelson, Lapworth), which is obtained in varying amount 
according to the purity of the ’ giiigerol,’’ the best yield being 
60 per cent. INIethylgingerol is decomposed by the action of heat 
or boiling aqueous alkalis with the formation of methylziiigerone, 
and aliphatic aldehyde.s, chiefly n-heptaldehyde. VTien 
methylzingerone is oxidised by means of aqueous sodium hypo- 
bromite, it yields jS-S ; 4-diinethoxypheiiylpropionic acid (I) and 
broinoform, which indicates that it is 3 : 4-dimetliox3'pheiiylethyl 
methyl ketone (II). This view was confirmed by the synthesis of 


OH2-OH./CO.H 


\/ 


OMe 


03 le 

(I) 


CH.,-CH.-G0ir6 

1,^ joMe 

oSle 

(11.) 


the ketone by reduction of veratrylideneacetoiie (Nomura, Lap- 
w'orth) . 

The constitution of methylgingerol is not quite clear, but the 
compound is probably an aldol-condensation product ol //-liejir- 

E. K. Nelson, J. Amer. Chav. <S'oc., 1917, 39, 1466 ; .^4.. i, 572 ; 
H. Nomura, T.. 1917, 111, 769; A, i, 570; A. Lapworth, iirs. L. K. 
Pearson, and P'. A. Eoyle, ibid.. Ill ; A., i, ‘571 ; A. Lapworth and 
F. H. Wykes, ibid., 790 ; ^4., i, 572. 
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an.J it'> lowoi iioiiiologiies with metliylziiigeroiie,. and may 
be represented as i’ollow- tLapworlii): 

CHcCH.--CO'rH.-CH(OH)-[CH;j„*CH3 

. JOide 


OMe 


The olenresin glngerol similarly gave a mixture of fatty 
aldelivde-. ehiellv //-hepiaideliyde, and a phenolic ketone, 
ziiigeroiiH. C;FI,j 6.. when heated alone &r \%itli* acids or alkalis. 
Zingeruue gave tnethylzmgeronc on metliylatioii, and therefore had 
oiie of the formidfe: (1) or (II). 

CH.-CHo-COMe aR/CHa-COMe 


^ JORe 
Oil 

0 ^ 


OMe 

(if.) 


it.- identity with the substance of formula (I) was established 
synthetically in two ways: (1) by reduction of vanillylideneacetone 
(Xoniura), and (2) by reduction and hydrolysis of ethyl vanillyl- 
ideneacetoacetate (Lapworth). 


CHICdi-COMe 

\ 

. ^.OlSIe 
OH 


CH^-OHa-COMe 

/O.Me 

OH 


CHICAc-OOgEt 

/\ 


OH 


yo far H.s the quedion of the gionping.^ essential to the pungency 
of giiigerol, zingeroiie, and similar compounds has been investi- 
gated, it appears to be certain that- the presence of a free phenolic 
hydroxyl group is necessary, and also probably that of a ketoiiic 
carbonyl group suitably disjrosed in a satitrated chain attached to 
the phenolic residue. 

“Paradol.” the pungent principle of grains of paradise 
{Ainotnunt Mf U t/>i( to ), behaves like gingerol " on inethylation, 
giving a mixture of a crystalline substance wdtli an oil, and, it is 
interesting to note, the crystalline compound has proved to be 
identical with methylgingerol (Nelson). 


Sijnt hf!ir^ nf AuhnaJ PhmoJir Kf’ione^ 

K Hoesch's method for the preparation of phenolic ketonei 
ha- been successful!}’ applied to the syntheses of maclurin and 
A/ir/i. Report, 1013, 07. 
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jlilcietiii iLieliiriti > obtj’iied by rlie -'oneeu^dtioj. 
piotGcatecbuOi^icnle G'uh ph!oiOil''.ciAclc’ ‘.t~ forir.ulatioii as 
_ 4 o o -t -],cutL.ii\ (.ii u-\y . I 'LcitG"!. .. 


CO OH 

HO^ . 

(I-) ' 


UH 

HO, :OH 
;ri., 


iirraerl. whilst phloreiin results irorn the conden'-ation o: 

phloVetonitrile {)8-y;-hydroxyj)henylpropio]utriIe ) with. [diloio- 
glucinol.’^^ 

For the preparation of the nitriles of lu^droxybenzoic acids, 
which are required as starting materials in these eonden^atioi.^. 
several methods are available. Protocateehuonitrile was iirsr pre- 
pared from piperonylonitrile by Ewins,'*^ using Barger s rnetho.l 
for the hydrolysis of methylene ethers.^*^ It may also be obtained 
by treating protocatechualdoxime with acetic anhydride, when the 
diacetyl derivative of prfttoca-techuonitrile is obtained, from which 
the dihydroxy-nitrile can be prepared bv careful hvdrolysis.-'’^ 
(HO),CeHs*CH:N-OH (AcO).;,C,5H3*CX (Hb).,cX*CN. 

Phloretoiiitrile was made by a third method; phloretamide was 
acetylated to protect, the phenolic hydroxyl group, raid the acetyl 
derivative was then dehydrated with phosphoryl chloride, yielding 
acetylphloretonitrile, from which the acetyl group was removed by 
mild hydrolysis.^- 

AcO*C„IIpCH.-/CHvCO-KH, AcO-CrtH4-CH2-CH.>-CN 

HO-CcH^-CHo-CHyCN. 


Ethiflene O.rklei. 

The properties of a group of complex ethylene oxides, obtained 
by the action of sodium ethoxide on w-lialogenoacetophenones in 
the presence of an aromatic aldehyde, 

Ar-CO*CH,Br -t- Ar-CHO Ar-CO-CH<9 

have been studied, most completely in the case of anisoylpheuyl- 
ethylene oxide, MeO*C(;H4*CO*CH<]^^^^^^, -which is obtained from 

K. Hoesch and T. von Zarzeeki, Ber., 1917, 50, 462, 660 ; .4., i, 342. 

E. Fischer and O. ISTouri, ibid., 611 ; .4., i, 393. 

^9 T., 1909, 95, 1488. 

““ Compare -4 ??h. Report, 1916, 104. 

Hoesch and von Zarzeeki, loc. cit. 


Fischer and Noiiri, loe. cit. 
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(ij-cliloro-/Mnethoxyacetoplienone and Lenzaldehyde By the 
.-tL^iitioii of the elements of hydrogen Lhloride, under different con- 
ditions, It forms two chlorohydrins, 

MeO'C.Hj-CO-CHCl-CH(OHlPh MeO*C,;HuCO-CH(OH)-CHClPh. 
(FA fi-i I 


the constitutions of which follow from the results of treatment 
with sodium ethoxide. when fj) is reconverted into the ethylene 
oxide, v/hilst (II) yields anisyl benzyl diketone. 

When anifeoylphenylethylene oxide combines .with hydroxyl- 
amine under varying conditions, it yields three isomeric com- 
pounds, all of which lose a molecular proportion of water and 

MeO*C,HpC*CH:CPh , 

^ n I when 

Is O 


give . 5 -phenvl- 3 -anisyl/st>oxazoIe, 


hoiled with acetivi acid containing a little concentrated sulphuric 
acid. Of the three isomerides. two, namely (Ir/) and (Iln), can 
he prepared from the clilorohydrins (I) and (II) respectively, and 
thes-e are formulated as derivatives 4 ': 5 -dihydro/ 'looxazole. 


MeO-CgKpC'CH.,-C(OH)Ph MeO*OgH4-C'CH(OH)*CHPii 

k --O K 0 

{la.) (Tiro) 

The third isomeride, which appears to be the normal oxime, 
]MeO-C,jHpC(iNOH)*CIT<^^^^^ is transformed by a trace of 

mineral acid into the compound (IIV/). 

Anisoylphenylethyleiie oxide can be converted by careful treat- 
ment with alcoholic sodium hydroxide into the isomeric componnd, 
anisyl o-hydroxystyryl ketone, OM€*C(5H4‘CO-C(OH)ICHPli, the 
enolic form of anisyl benzyl diketoiie, but prolonged treatment with 
alkalis results in the formation of a-liydroxy-/ 8 -phenyl-a-anisyl- 
jiropionic acid. Me0-CgH4-C(0H)(CHoPh)-C02H, through the 
henzil transformation of the diketone first formed. 


PhtJmleins. 

The quantitative deeora2')osition of i:>henolphthaleinoxim€ into 
o-d-hydroxybenzoylbenzoic acid and /i-arninophenol by boiling with 
dilute sulphuric acid can he exjDlained by assigning the formula 
( 1 ) to the oxime, and assuming that it undergoes the Beckmann 

“ O. Widman, Ber., 1916, 49, 477, 2778 : A., 1916, i, 406 ; 1917, i, 221 ; 
H. Jorlander, ibid., 2782 ; 1917, 50, 406 ; .4., i, 222. 343 S. Bodforss, ibid.] 
1916, 49, 2795 ; .4., i, 223. 
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learivinjiement, giving ihe aabstaui-e ills, wIiIlIi tneu surfeis 
hydrulvsis •> 4-Hyclroxybenzoyrberizoir aeni conveitec' .raanti- 


(I)' 

ho-C3H^-c(oh)<^'^^«^^££5:>co 

(iid 

HO-CgH^-CO-CgH^-COsH + NHj-CeH^-OH 


tatively into pheuolphthalein by heating with phenol, and may 
well be an intermediate product in the formation of thi^ substance 
from phenol and phthalic anhydride It also condenses with other 
phenols to form mixed phthaleins, a^, for instance, with a-naphthnl 
to form a-naphtholphenolphthalein, 




Hi/ch 01 yehe Com pound. s and Ta'penf‘<. 

De^'h'atn'e-. ot c.yc\oPi'ojwn€. — The action of different reagents 
on cyc/oju-opane derivatives of the following general formula, 
where R is hydrogen or an alkyl group, and Ar is an aromatic 

ArCH— CH-COAr 

\/ 

CtCO.,R).2 

(n - 

residue, has been found to result in nssion of the rz/cfopropane 
nucleus in the three possible ways.^^ On reduction with nascent 
hydrogen, the ring is opened between the 1- and 3-carhon atoms, 
giving substances of the formula (I), whilst alkalis bring about 
fission between the 1- and 2-carbou atoms, yielding substances of 

ArCH-CHg-COAr ArCH:C*COAr 

QH{C0^K).2 CHfCO^R), 

(I) (Ib) 

the formula (11). The addition of hydrogen bromide proceeds in 
two ways, the ring opening between the 1- and 2-. and also between 

W. R. Orndorff and Alisa R. R. Alurray, J. Amcr. Chem. Soe., 1917, 39, 
079 ; A., i, 339. 

S3 E. P. Kohler and J. B. Conant, ibid., 1404, 1699 : A., i, 7)66, ,768 *. 
E. P. Kohler, G. A. Hill, and L. A. Bigelow, ibid., 2405. 


E* 2 
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tlie 2- ajail 3 earboii atoiiit, Yielding tlie Ijroiiiu-aciJ^ (III) cuid iIV i, 
which ar« veiv icCidilv traii'=toim3d into licionic acids. 

A vU K Ri - C H -e-O • A r A rC H Br- C( 00 C H ,• CO A r 

CH*CO,R), 

(in.) “ (TV.) 

iJt 1 1 rut of i:\-Q\oJiiitfUif . — CoiiclensAtion of dialkylacetone- 
dicarboxylaies (T) by meaii> of siilplmrio and leads to dialkyl- 
* 7 /r Zobiitane-l : 3-flionecarboxylaTes (TI), which readily suffer .fission 

EtO-CO-OHMe-CO Kt0‘C0<)Me-(10 

EtO*CO*CHMe CO— CHMe 

(1.) (TT.) 

when b(dled with water, or when ireaied with hydrazine, hydro.xyl- 
aniine, or aniline, yielding derivatives of dialkylacetonedicarl)- 
oxylates. 

Treatment of dialkyl/v/r/obutanedionecarboxylates with alkyl 
haloids and sodium ethoxide in alcoholip solution leads — presum- 
ably through unstable trialkyln/c/obiitanedionecarboxylates (TII) 
---to trialkylacetonedicarboxylates (IV). When heated with 


(H.) 


EtO-CO-tpMe-CO 1 
CO— CMeEtJ 
(HI.) 


EtO-CO'CHMe-CO 

EtO-CO-C^IeEt 

(IV.) 


aqueous baryta, the dialkylr-//c/obutaiieclionecarboxylates yield 
dialkyln/c/obutane-1 : 3-dioiies, R*CH<C]^q^ CHR. These differ 

in many iiui^ortaut respects from dimeric ketenes, which cannot 
therefore be derivatives of c//cfobutane-l : 3-diones, as was believed 
previously 

Xanthogallol, a Derivative of cycloPeniene . — Xaiithogallol -was 
discovered by Stenliouse,-’’^ who prepared it by the action of bromine 
and water on tribroinopyrogallol, and assigned to it the formula 
This empirical formula was confirmed later by 
T}ieurer,f'S w^ho 2 }roposed for the substance a structural formula 
involving three reduced benzene rings connected by oxygen atoms. 
Recently, the substance and its reactions have been thoroughly 
investigated by F, J. Moore and Miss R. M. Thomas.^f’ who have 
shown, by analysis, that xanthogallol contains no hydrogen, and 
has the formula C-O.jBiq, confirmed by determination of the mole- 
cular weight. They consider it to be a ^:yc7opentene derivative 


G. fSchroeter, Ber., 1916, 49, 2697 • A., i, 145. 
Journ. Chem. Soc., 1875, 28, 1. 

Amialen, 1888, 245, 327; A,, 1888, 1084. 

.7. Amer. Chem. Soc., 1917, 39, 974; A., i, 460. 
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dill, ami. interpret its lunnalioii froiu tribrotuoiiyruL'diiol 
through tetrabrorno».W(''ohexeiietrioiie dl. a? foIIo^'*5 : 


Br 

Bi. Br 
110' OH 

OH 

(0) 


OBr 

BrC'' ^CEr, 
OC aJO “ 

OO 

ai.t 


r CBr 

C^Br CBr., 

.CO— C(0H}-C02H 


CBr 
/' ''' 

CBr CHBi. 

co*co-eo„H 


CBr 

CBr Bi\, 
CO— CO 
'III.) 


dl 


ThB fonnula satisfactorily explains the tael that xaiithogailol 
forms a qiiiiioxaliue derivative, and yields on treatment with 
sodium hydroxide a compound, xaiithotonic acid (IT or T). which 
IS converted smoothly by bromine water into pentabromoaoetciie 
and oxalic acid. 


C-OH 

CBr CHBro 
CO-CO^H 

(fv.) 


C-OH 

//\ 

or CHBr CBr^ 
HO.C-CO 
“ (T.) 


CBrg-CO-CHBra-f 


2'Jie of Fenchone. — L. Ku/ir-ka has etfected the com- 

plete synthesis of r-fenchone. and thus confiriiied Semmler's formula 
for this ketone. Ethyl l-metliylcyc/opeiitaii-4-oiie-l-carboxylate 
(I) was condensed with ethyl bromoacetate, and water was 
eliminated from the resulting compound (II), giving ethyl dehydro- 


CH2-CMe-C0.,Et 

OH^ 

CH .-CO 
(I.) 


CH .-CIIe-COaEt 
CH., 

CH.,-C(0H)-0H.,-C0.El 

(II.) 


CH,-CMe-CO.,Et 

! 

CHo-OICH-COaEt 

(III.) 


CHo-CHe-GUEt 

CH., 

CH.,-CH-CH,-CO,Et 

(IV.) “ 


CH„-CMe-CO 
® 1 
GH, 

CHo*OH— CH, 
(V.) 


CH.,-CMe-CO 

iH, { 

UHMe 

"{VI.) 


CHa-CMe-CO 

1 VH, { 
OHpCH-CMea 
(VII.) 


«» Ber., 1917, 50, 1362; A , 1918, i, 22. 
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methyliiorhomocampiiorale (III). B 3 ’ reduction, ethyl iiiethj'lrior- 
boiliocaniphorate (IV) -was formed, the lead salt of which gave 
methylnorcamplior (V) on distillation. This was treated twice 
with methyl iodide and sodamide. when a mixture of fenchosanteii- 
one (VI) and fenchone (VII) resulted. 

FntrhnH'^. — G. Komppa and R. H. Roschier^*^ propose an altera- 
tion in the nomenclature of fenchenes. They employ the terms 
a- and /S-fenchenes, using the former for the substance which yields 
the lu’droxj'fenchenic acid and fenchocamphorone of higher melt- 
ing point. Wallach’s /I/-fenchene is thereiov;e /-a-f enchene, and* his 
yA/-fenchene is f7-/3-fenchene. The\’ have completed the sjuithesis 
of /-a-fenchene (III)'-^- by preparing it from r-a-fenchocamphorone 
( 1 ). which had been synthesised previously, and find that 
/■-a-fenchene is identical with /^opmene. The synthesis was effected 
by the action of magnesium method iodide on /•-a-fenchocainphorone 
and distillation of the resulting alcohol (II) under atmosiiheric 
pre-sure, when water was eliminated. 

OH/OH— CHg OHa'CH—CHo OHg-CH— CHg 

! GMeg GMeg [ — > | OMeg j 

CHa’CH— CO CH„-6 h — CM e*OH C)H2*CH--0:CH2 

(I.) “ (II.) (III.) 

It has been proposed*’-^ that terpenes which retain the original 
fenchaiie ring system, and thus differ from the fenchenes, shall be 
called feiichylenes ; a fenclijdene (IV) has been prepared by the 

CH*CMe*CMe., 

iH,| 

CH-CH—UH. 

(IV.) 

distillation of metlnd /sofenchylxaiithate. 

Santene. — The hydrocarbon obtained by the removal of hydrogen 
chloride from camphenilyl chloride was previously termed 
camphenilene. It now proves to be a mixture, and can also be 
prepared by the dehydration of camphenilol (I) by sodium hydrogen 
sulphate at 200°. The main constituent of the mixture is a hydro- 
carbon identical with santeiie (III), and it is proposed to retain 

Acad, Soi. Fennicac, 1915, [M], 7, 1 : -4., i, 398. 

G. Komppa and R. H. Roscliier, ibid., 1916, [M], 10 , 3 ; A., 1 , 466. 

Alin. Report, 1914, 120- 

S. S. Xametkin and Mile. A. K. Ruslienceva, J. Russ. Phys. Chem. Poc. 
1916, 48 , 450 ; A., i, 152. 
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the terni cainpheiiileue for tlie constitueiit dl. prerent :n .-ir.a.'er 
quantity.^'’ 


“ } 

CH. 

CHo*CH--CH-UR 
{I ) 


CHpCH-CMe^ CH.'CH-CM e 

CH. > ni‘i CH, 

CH .•C-=CIi CH„-CH--C31e 

(iL) an.) 


The complete synthesis of santeiie has now been enected. lor 
oanipheiiilone. from which tamphenilol is ohlaiiied. was .'yiuhesiseii 
})revioiisly.’’'‘ 


C]>oh ■sttruL 


A. 'Wiiidaus''' has now achieved by chemical ineaiis leaciioii 
^\llich hitherto has been eSecied cniy lu the living oigain-m. 
namely, the recUictioii cf cholesterol to coprosterol. Whilst the 
hydrogenation of cholesterol in the presence of platinum yields 
/S-cholestanol,*’'' the use of nickel at 200^ gives rise to a new pro- 
duct, y-cholestanol, which has the same melting point and specific 
rotatory power as ;3-cholestanol, but differs from it in crystallising 
from dilute alcohol without water of crystallisation. ■; -Cholestanol 
has proved to be an additive compound (partial racemate) of 
jS-cholestanol (about 50 per cent.), i^-coprosterol (5-cliolestaiioi), 
and e-cholestanol. The j8-variety was removed by precipitation with 
digitonin, but the other two could not be separated directly. 
Advantage was therefore taken of the fact that on boiling -with 
amyl alcohol and sodium ainyloxide, e-cholestanol is converted into 
/3-cIiolestaiiol to the extent of about 90 per cent., whilst i^-coprosterol 
IS only converted into coprosterol to the extent of about 10 per 
cent. After treatment of the mixture of fe-chciestanol and 
»/'-coprosterol in this way. the j8-cholestanoi and coprosterol were 
removed by precipitation -with digitonin, when the filtrate con- 
tained JjJ' -coprosterol contaminated with only a small amount of 
e-cholestanol, and after a repetition of the treatment the first was 
obtained practically free from its isomerides. Finally, the 
\J'-copro&terol was converted into the equilibrium-mixture contain- 
ing about 20 iier cent, of coprosterol by the action of sodium 
ethoxide at 180°. The mixture was treated with digitonin, when 

G. Ivomppa and S. V, Hmtikka. Bull. Boc. cftnu., 1017, [i\ j, 21, ; 

A., i, 214. 

G. Komppa and S. V. Hmtikka, Bcr., 1914, 47, 15.50; A., 1914, 
i, S52. 

e’ Ibid., 1916, 49, 1724 : .4., 1916. i, SIS. 

Consult .4m?. Jieporf, 1916, 119. for the relations beiwcon the reduction 
products of cholesterol, and for their partial formulje. 
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til* compound of digitoniii and copro^-terol separated, from which 
coprosterol was recovered by extraction \Mih boiling xylene. 

It appeared roceully'''* that Wiiidaiis had modified his partial 
formula for vhole.-terol. the formula being replaced by (II). 


CHMeyUH.'GIlpU^H,. 

CH ^ OR 

CHsOH CHMe 

1 I ! 

CH , CH. CH 
\ f'Tt 

CFT-Oll “ 

(T.) 


/\ 

CH OH 

/\/\ 
CH, CH CH2 
I " J I 
CH, CH OH 

HO-CH OH 
(ID 


The reasons for thi^ modification have since been published,*'^ 
and are as follows. The keto-carboxylic acid obtained by the 
oxidation of ohole^teiioiie was previously believed to have the 
formula C_v.H4,Oy, and to be formed bi accordance with the 
equation below: 


CoaHs^-CHICH, 

ciH^o 


C,.,H3,-C02H 

+ 50= /\; +CO 2 + H 2 O. 

CH,-CO 


A large number of analyses have now shown that it contains 
two more atoms of hydrogen, and should be formulated C2eH440s. 
It cannot therefore be formed from cholestenoiie by the oxidation 
of a vinyl group, and is now represented as resulting from the 
fission of an iinsaturated ring, in the following manner: 


^ooHoo 


CH OH CH 
CO C’H 


- 40 -= 


^22^30 

CH, CH CO.,H 

\ 7 \ 

CO CO,H 


O22H30 

+ 00 , 

CO 


(Support for the new formula is found in the previously known 
fact that the unsaturated nitro-cholesterol can be converted readily 
into a keto-alcohol, cholestanonol, in which the keto-group is con- 
tained in a fully hydrogenised ring. This reaction is now repre- 
sented as follows: 

CHg CH OH > CHg CH C-NO., > CH, CH CO 

\/\7 - \/\/ 

HO-CH CH HO-CH CH HO-CH CH, 


Ann. Rejiorl, 1916, 119. 

■® A. Windaus, Ber., 1917, 50 , 133 ; A., i, 266. 
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Alo rp-'^onipounds . — The uiisyniTiietri-jal iormulatior; of aaosy- 
beiizene a? PhXOIXPlU® ir- supporLe-i hv the ue]:a^iot:i■ of azox}- 
veratroie il) anrl azoxypiperoiial iIII) on nitration, tor wlul.-t 
com25ounds containing two veratroie nuclei 'yniincirically jdacrd. 
lor example, diveratrylmethane and azoveratrole, flo nut yieU 
luonoiiirro-derivatives, but give symmetrical dinitro-derivative? a- 
lirst 2 ^toducts, azoxyveratrole yields a moiionitvo-derivali\ e ;I[). 
whilst azoxvjhp5ronal g^ves an imsvmmetrical nilrocarboxvlic a chi 

Me0/\X0:X^^ 'V>Me MeO '^^ ' 

MeOi^ J i OMe MeO,^ . :s0.^^ymQ 

il.) ai.) 


C'R =5 •' ' P'ynu 

;CHO CHOI, 


an.) 


pTT '^'NO — — — jNf 

^CO.M 

(IV.) 




In the case of o-hydroxyazoxybenzene, which has long been 
known to occur in two forms, the siin^^le explanation that these 
are to be formulated as (V) and (VI) is not completely satisfactory. 
It does not explain why one form is readily soluble in dilute 

HO-C,H^*X:NOPh HO-CeH.-NOrNPh 

(V.) (VI.) 

alkalis, is easily oxidised by alkaline permanganate, and dyes ^uk 
and tvool, w^hilst the other (yh-o) form lacks these properties. 
O, Baiidisch now suggests that whilst the more active form has 
the formula (V), the zyo-form may be represented by the formula 




^XOINPh 

^—01^ 


An azoxy-conijjound has been obtained by the oxidation of 
phenylazocarbonamide wdth hydrogen peroxide, 

PhN:N-CO-NH^ — > PhXO:K*CO*KH,. 

Ann. Report, 1916, 122. 

Mrs. a. M. Robinson, T., 1917, 111, 109 ; A., i, 226. 

Ber., 1917, 50, 333 ; A., i, 356. 
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Hot aqueous acids or alkalis decompose it, with tlie production of 
ttie transformation products of diazobenzeneJ* 

]Jnnoph< nult-. — The nature ot the anhydride^ formed by the 
diazotisatioii of aminophenolsiilphouic acids has recently been 
investigated."'^ On diazotisatioii, o- and yi-aminophenols give 
coloured diazo-oxides. whilst aminosulphonic acids give colourless 
anhydrides, ‘'Uch as the well-known “ <liazobeiizeiiesulphoiiic acid,’ 
and there are therefore two possible alternathes for the course of 
the reaction with aniinojdienolsulphouic acids. Three such acids 
were diazotised. namely, fj-aminophenoJ-4-sulphonic acid' (I), 


//-am inophenol-fi-'-ulphonio 
''Ulphonic acid (III). 

acid (II), 

and /?/-amiiiophenol-l 

OH 

OH 

OH 



A 

\ 


SO 3 H 

XH, 

SO 3 H 

(T.) 

(IT.) 

(ITI.) 


The first gave a yellow anhydride, and the colour of its aqueous 
solution was not appreciably altered by the addition of aqueous 
alkalis, whence it appears that the free anhydride and its alkali 
salts have the same chemical constitution; this anhydride isrthere- 
fore an o-diazo-oxide or y-quinonediazide."'* 


0— 

0 

1 

r'Vit 

\ / 

\/ 

S 03 H(K) 

SOgHCK) 


/A-Aininophenol' 2 -sul])hoinc acid gives a colourless diazo-deriv- 
ative, which forms yellow alkali salts. The colour change indicates 
a change in constitution from internal diazonium-sulphonate to 
y^diazo-oxide or y^diazoquinone. 


OH 

—0 

0 



/Wk 

X/ , 

\/ 

k/ 


---x. 

Nr=N 

A. Aiigeli. *4/// R. 

Accfii/ Liticei. 1917, [v], 26, i, 

95, 207 ; M., i. 228, 


G. T. Morgan and H. P. Tomlim, T., 1917. Ill, 407 : A., u 4S1. 

'® For previous work on the comparative merits of the possible alternative 
formulae of internal diazo-oxides, .see Ann. Report, 1915, 114. 
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The diazo'derivative of //'-amiiiuplienol-l-oilplionic acid i? a colour- 
less internal diazoninm-tulphonaie, and on treatment- with alka;i 
decomposes and shows no tendencv to form a nieta-diazo-oxide — t 
type of compound whieli doe" not appear to exi-t 

An advance has al^-o been made in the investigation o: th* 
allied diazoimiJes by the preparation of the hitherto inaccessible 
acyl derivatives of /;-diazoimiiiobeiizene. by ili.izoti-ing acyl-/e 
pheiiylenediamines with liquid nitrous anhydride in dry acetone."' 


XH-COR 


XH, 


— X-COR 


ftt H ^ — A study of the piMpertics ol o-{im:nu- 
;8-benzylpheiiylhyJrazine has led H. Franzeii and B. von Fiirst”' 
to express view^ on the mode of decomposition of substituted 
hydrazobenzenes. By heating at lilO— 130", o-amino-i8-benzyl- 
phenylhydrazine (I) is eoilveri^d into benzaldeliyde-o-aminoplienyl- 
hydrazone (III), benzylamiiie, and o-phenylenediamine. This 
reaction is explained by the assumption that the hydrazine is first 
dissociated into two unsaturated residues, which are then reduced 


NH 

NH-NH-CHgPh 

(I.) 


-fBhCH,*NH- 


by a second molecule of the hydrazine. This thereby becomes 
oxidised to an azo-compound (II), which suffers rearrangement to 
the isomeric benzaldehyde-o-amiiioplienylhydrazone. The whole 


^XH, XH., 

' Jx:x-CH„P]1 . ,XH‘N:CHPh 

(II.) (III.) 

course of the decomiDosition is similar to the s 2 >ontaneous change 
of hydrazobenzene into a mixture of azobenzene and aniline, which 
the authors interpret in the same way, 

2PhXH-NHPh 3PhXH--i-PhNH-XHPh -> 

2PhXH^-pPhX:KPh, 

holding, contrary to the view of Wieland,'® that there is no reason 
why diphenylhydrazines should not be supposed to dissociate into 
free radicles, as do the tetraphenylhydrazines'. 

” G. T. Morgan and A. W. H. rpton, T., 1917, HI, 1S7 : A., i, 300. 
A}inaleHf 1916, 412, 14 ; A., i, 58. 

Ann. Eeport, 1915, 113. 
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When t.‘-aiiiinu-i8--benzylpheiiyihydrazine is heated with dilute 
hydrochloric aciil, it undergoes a ■senes of traiisforniatioiis, which 
ai'e best explained by the assuinplioii that hydrogen chloiide is 
added at the X-X linking with the formation of o-phenyleiiedi- 
aniiiie and beiizylcliloroaiuine. and it h pointed out that a similar 


NH. 

^ ;XH-XH*CH.Ph 

's / 


^^XH 

+PhCH,*XHCl. 


assumption in the ca^e of substituted hydrazobei]^zenes affords an 
explanation of the formation of azo- and ainino-coinpoiuids, and 
of the benzidine and semidine transformations. 


1. PhNH-KHPh + HOl PhNHg + PhNHCl. 

2. (.7) PhXHCI + PhXH-XHPh PhNH.^HCl + PhXlXPh. 

/H 

(«j PhSHci xh:<^ _ +PhNH2 


(c) PhNHCl + PhXHo PhNH-CfiH^-NHg. 

Animufufion of II ii<7razoiie<. — The autoxiclation of benzaldehyde- 
pheuylhydrazone in alcoholic solution yields a complicated mixture 
of products from which diphenyldibenzylidenehydrotetrazone, 
PhCHrX*XPh*XPh-XiCHPIi, benzafdehyde, and benzoic acid w^ere 
previously isolated.^'J A more detailed examination of the course 
of the reaction and the components of the product- has given 
interesting results. If the autoxidatioii is carried ’otifc in indifferent 
.'-solvents, such as hydrocarbons, benzaldehydephenylhydrazone per- 
oxide can be isolated. This substance is unstable, and is readily 
converted into benzoylpheuylhydrazine and benzoylazobenzene. 

PhCH-X-XHPh PhCO-NH'XHPh PhCO-NINPh 

O — O 

When the autoxidatioii takes place in alcoholic solution, the per- 
oxide cannot be isolated, but benzoylpheuylhydrazine and com- 
pounds presumably derived from benzoylazobenzene are found. 
Thus, fhe formation of beiizoyldiphenylbenzylidenehydrotetrazone 

H. Stobbe and R. Nowak, Ber., 1913, 46, 2887 ; A., 1913, i, 1200. 

M. Busch and W. Dietz, ibid., 1914, 47, 3277 ; A., 1915, i, 307 ; M. Busch 
and H. Kunder, ibid., 1916, 49, 2345 ; A., i, 56. 
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may be explained by ih® addition or benzcylazobenzeni to cbe 
unchanged, liydrazone. 

. piiCO-x:xph - phXH-x:eHPii — ^ 

PhCO*XH‘XPh-XPh-X:('iIPh. 

Another constituent of the mixture, benzoylphenylhydrazinobenz- 
aldeliyclepheiiylhydrazone, PhCO‘XH*XPli*CPh!X-XPIP}i, i? 
derived from this hydrotetrazone, from which it may be prepared 
by keeping in alcoholic acetic acid solution. Other substances 
isolated were benzeneazodiphenylmethaiie and it> isoineri'ation 
product , beiizophenoiiepheiiylhydrazone, 

XPh:X-CHPh_, XHPli*X:CPh., 
besides the three compounds which had been identined ]>reviously. 

hit ra molecular Chanoe. — Silm^ltaneou^ oxulation and reduttion 
within the molecule biiiig about the c-onteisicn t»i' sub^tnuted 
o-nitromandelic acids into derivatives of * 2 : d'-azobenzoie acid: 


NcH( 0H)*C02H \aO.,H \cO,H COoH 

This reaction, which wa.s first observed on heating 6-nitro-3:4- 
methylenedioxymandelic acid with nitrobenzene, can also be 
brought about by the action of hot aqueous alkali hydroxides on 
tlf5 Acid, hitt ill this case about a quarter of the acid is converted 
into the azoxy-compound.''^-' Other substituted o-nitromandelic 
acids undergo the same change — for instance. 6-nitro-3 : 4-dimeth- 
oxymandelic acid®* and 6-chloro-2-nitroinandelic acid.^“ The trans- 
formation resembles that effected by the action of hot aqueous 
alkalis on derivatives of 71 -nitrotoluene, when azoxystilbene-^ are 
formed, together with nitroso- and azo-stilbenes.^*" 




CH, 

NO." 




OHICH 

xo— X 




Ammonium Compounds . — The preparation of ammonium com- 
pounds of a new type has been continued, and other examples may 
be added to that of triphenylmethyltetramethylammonium, 
CPh;pXMe 4 .^' Instances are benzyltetramethylammonium, 
PhCH.yNMe4, 


Mrs. G. M. Robinson and R. Robinson, T„ 19U. 105, UOO : Hilo, 
107, 1753 ; A., 1916, i, 166. 

83 Mrs. G. M. Robinson, ibid., 1917, 111, 109 ; .4., i, 226. 

8* Mrs. G. M. Robinson and R, Robinson, loc. cii. 

88 S. Reich and W. Merbi, Bull. Soc. chim., 1917, [iv], 21, S ; A., i, 227. 

86 F. Bender and G. Schultz, Ber., 1886, 19, 3234 ; A., 1887, 268 ; 
P. Karrer, ibid., 1915, 48, 305; A., 1915, i, 333. 

87 Ann. Report, 1916, 111; W. Schlenb and J. Holtz, Ber., 1917, 50, 
262, 274, 276 ; .4., i, 255, 262. 
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anJ di-y;-tolvlaiiiinotetraiiierliyidmmoniuiii, wliieh 

.fre obtained bv rhe act ion of tetramethylarnmonium oliloride on 
hodiiim benzyl and pota^‘,io-di-;.-tolylamine respectively. Sodium 
benzA'l is itself new, and is obtained by the action of sodium on 
mercury dibenzyl. It is a red, crystalline compound which inhanies 
in the air. It is ionised in ethereal solution ; this indicates that 
the metallic atom is linked hy a earbonium valence, as in the case 
of sodium tripheuylmethyl, which it resembles closely. 


0 rf/a n o-n\ efalJ i r Cam po v /? d <. 

Luid.—T\ie -.ynthesis of lead tetra-alkyls containing four 
different primary alkyl groups has now been achieved. Mixed 
lead tetra-alkyls, containing only primary alkyl groups, when 
treated with halogens at —75°, yield lead trialkyl haloids with 
rhe loss of one alkyl gTOUp, which is invariably the smallest of 
tliose pre^-ent. Thus, lead trimethylethyl yields lead dimethylethyl 
haloids, which on treatment with magnesium /z-propyl haloids give 
lead dimethy]ethyl-/?-propyl. By a similar series of operations, this 
is converted successively into lead methylethyl-» -propyl haloid and 

finally into lead methylethyl-/?-propyl-/?-butyl,*^8 

Lead tetra-alkyls containing secondary alkyl groups, however, 
behave differently, the secondary alkyl groups being less nrmly 
attached to the lead atom than the primary radicles. Thus, lead 
tetraZ-vopropyl loses two alkyl groups when treated with halogen 
at -75°, giving lead di/.sopropyl dihaloids, and lead diethyldi/*‘o- 
propyl yields lead diethyl dihaloids.^^ In the case of the lead 
tetra-primary-alkyls, treatment with halogen at a higher tempera- 
ture, — 20°, is necessary to remove two alkyl groups, and the lead 
dialkyl dihaloids so formed are then stable towards halogen at the 
ordinary temperature. When these dihaloids are treated with 
magnesium alkyl haloids, mixed lead tetra-alkyls of the type 
obtained; thus, lead tetramethyl can be converted 
throiigh lead dimethyl dichloride into lead dimethyldiethyl.^i 

Another method of preparing the same compound is as follows ; 
lead tetraphenyl yields with bromine lead diphenyl dibromide, 
from which lead diphenyldiethyl is obtained by Grignard’s reac- 
tion ; on treatment with hydrogen bromide, this yields lead diethyl 
dibromide, which reacts with magnesium methyl iodide to give 
lead dimethyldiethyl.®- Halogen hydrides can also be employed 
G. Gruttner and E. Krause, Ber., 1917, 50, 202 ; J., i, 256, 

“ Ibid,, 574 ; A., i, 384. 

Ibid., 1910, 49, 1415 ; A., 1916, i, 799. 

7bid., 1546 ; .4.. 1916, i, 800. 

Meller and P. Pfeift’er, ibid., 2441 ; A., i, 122. 
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to piepare lead trialk}’! lialoid- ivuui lead reii (-alkyk'. ;tn<l tlie lead 
trialkyl haloid'? when ireate.l with cih’er hydi'oxid.e lu acjiieoii:^ 
-oiutioa give alkaline solution:- oi lead tiiaikyl liy-li oxides, iioin 
which other may be prepared by neutralisation with acids.^-^ 

Fkaxk Lee PYifAX. 


R\ut TI5. — Heterocyclic Division. 

A FEW words of explanation are necessary in order to deiine the 
scope of this section of the Reports. Year by year, with the dura- 
tion of the war. the resular circuiation of foreign journals has 
been more and more interrupted until, in the past eighteen months, 
it has been difficult to procure any recent Continental periodicah 
within a reasonable time after their publication. Thus some of 
the journals for 1916 dic> not, come to hand until the present year, 
and when it became necessary to draw up this Report, it was 
found that several important jiapers had escaped notice in the 
1916 volume, to which they properly belonged. In these circitm- 
staaiifigs, it seemed best to include them in the present Report rather 
than allow them to without reference. The Reporter is aware 
that this decision to some extent oversteps the limits set him, but 
he believes that the reader's judgment in the matter will coincide 
with his own. 

The section headings of the Report give an idea of its contents, 
so it is scarcely necessary to expatiate on the various subjects 
in this place. Mention, however, may be made of the new synthesis 
of tropinone and also of the important paper on the natural 
synthesis of alkaloids. Hitherto, it has been a.^sumed by Guareschi 
and Pictet that alkaloids are formed in the plant as a result of 
degradation, and not by direct synthesis from simpler compounds ; 
but Robinson has now indicated methods whereby the direct 
synthesis might be attained in simple ways, and it appears, from 
his own synthesis of tropinone, that these methods are not merely 
theoretical, but ma}" be achieved in practice. 

Xfir H fferoc]/cUc Ti/pes:. 

Last year, mention was made of some new heterocyclic rings in 
which elements hitherto unknown in that guise played their parts 

P. Pfeiffer, P. Truskier, and P. Disselkamp. Ber , 1916, 49, -445 ; .4., 
i, 122. 
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flit iiieiiibei’t ot tbe evclic ssysteiu.* Further details are now avail- 
v.-itli regard to some lead derivatives. - 
By the interaction of lead diethyl diehloride and the magnesium 
fompound of ae-dibromopentane, diethylr//rZu2jentainethyIene- 
]jiinubine has been isolated: 






Thia substance, when treated -with bromine, yields lead diethyl-e- 
In'omoamyl bromide, a compound which appears to react abjaorm- 
jiliy, since with magnesium eth}’! bromide it yields lead diethyl- 
e-bromoamyl, the reactive halogen atom being left unaffected in 
the end-product. 

The cyclic lead compound also is abnormal, in that it is oxidised 
ill the air, and it is suggested that this variation from the usual 
stability of tetra-alkyl lead derivatives should be ascribed to the 
tension in the ring. The argument may be sound, but there seems 
no reason why a six-inembered ring should not be reasonably 
^table, if one may judge from aiialogy to carbon comjiounds. 
Possiblv some other factor lies at the root of the matter. 


Sozoioclol— Mercury Com'pounds. 

The majority of the organic compounds of mercury which are 
employed in pharmacy may be divided into two classes. In the 
first group lie those substances which contain mercury in the 
lonisable form, such as mercury salts of organic acids; whilst the 
second set comprises compounds in which the mercury is not in 
ail ionisable condition, bnt is attached directly to the organic 
nucleus. It is found that some of these compounds are insoluble 
in water, but are capable of being dissolved by a solution of sodium 
chloride. There is no great dijOficulty in accounting for this pheno- 
menon in the case of the two classes just mentioned. In the case 
of the organic salts of mercury, double decomposition is assumed 
to take place between the mercury salt and the sodium chloride, 
with the formation of a sodium salt and mercuric chloride, which 
then dissolve in the water jn-esent. With regard to the substances 
containing organically combined mercury, it is assumed that they 
form sodium salts of chloromercuri-aromatic acids by the addition 
of sodium chloride, and that these new compounds are soluble in 
water. 


^ Ann. Report, 1016, 131. 

- G. C4ruttner and E. Krause, Ber., 1016, 49 , 2666 ; A., i, 122. 
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An in.specticjji uf the ■orinula of '-(jiioiodol-niereurv. 



^llo\vs that it belongs to neither of the clause- alreatly luentioiieo. 
It is not a mercury salt of the ordinary type, nor is it- mercury 
atom held to the nucleub by linking it with a caibun atom. Xoae 
the less, it is soluble in a solution of boditim chloride 

Sozoiodol-mercury is prepared^ {1} by the action ui yellow 
mercuric oxide on sozoiodolic acid (2 : 6-di-iodophenohulphonic 
acid); (2) by the inferaction of mercuric nitrate and sodium 
sozoiodolate; or (3) by adding a warm aqueous solution of sodium 
sozoiodolate to an eqtiivalent amount of mercuric acetate solution 

AVhen a solution of sozoiodol-mercury in aqueou- solution ib ex- 
tracted with ether, mercuric chloride is removed in a pro}>ortiou 
which indicates that the following equation probably represents 
the interaction between sozoiodol-mercury and sodium chloride : 

Cf,H2lo<^Q'>HgV 2 hlaCl- HgCl3 + Xa0*C6H2T2-S03Na. 

It appears, therefore, that sozoiodol-mercury behaves analogously 
to ordinary organic salts of mercury. 

A second problem is suggested by bozoiodol-merciiry. It con- 
tains only two elironiophoric groups iu the ordinary ben-e — the 
iodine atoms — although the benzene riny might also be regarded 
as a possible third. None the less, it is orange in colour. From 
the results given in the paper under review, it appears possible 
that the group •0*Hg*0* possesses a chromophoric character. 

Cijelic Sulphhh--. 

A comjilete group of sulphides has been examined containiug 
four-, live-, six-, and seven-raenibcred lings. one member of each 
ring being a sulphur atom.'* The compounds were synthesised by 
the action of sodium sulphide on the appropiiate dihalogen deriv- 
ative of a paraf&ii, wherein the two halogen atoms are attached 
to opposite ends of the chain. In most cases, the product contains 
a mixture of substances, namely, the uniinolecular sulphide, a poly- 
merised sulphide, and a third product, which is probably a 
dihalogenated thio-ether. In the case of the four-membered ring, 
the yield is small. 

All these sulphides behave like opeii'chaiii sulphides on oxida- 
tion, sulphones being formed on oxidising them with permanganate. 

^ E. Rupp and A. Herrmann, Arch. Pharm., 1916, 254', 488 ; A., i, 516. 

* E. Grisdhkevitsch-Trochimovski, J. Ri'ss. Phi/s. Chan, Ncic., 1016, 48, 
880, 901, 028, 944, 951, "^959 jI A., i, 153-158. 
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With liiethyi iodide, trimethyleiie sulphide forms a peculiar meth- 
■odide having the composition C3H6S,2M6l, in which both the 
iodine atoms are precipitable with silver nitrate. The six- and 
seven-membered stilphides form the ordinary type of additive pro- 
duct, having one molecule of methyl iodide attached to the sulphide. 
All the sulphides unite with mercuric chloride, giving compounds 
of the type R,HgC’K, wltere R repieseiits one molecule of the 
Milphide. 

At' a clast', the new su]pliide> are colourleb^, mobile liquids with 
unpleasant odour; they distil undecomposed, are insoluble in waier. 
])nt boluble in oi'dinary organic ."Oiveiita. Chemically, they are 
akin to the aiiphatic thio-ethei>. They do not react with benzoyl 
chloride, alkalis, or sodium. With biomuie, they form very un- 
stable additive compounds. 

Owing to the fact that diethylene disulphide methiodide shows 
a certain parallelism with the methiodides of tertiary cyclic imines, 
it was thought that analogous results of exhaustive methylation 
might be expected in the case of the methigdides of the new cyclic 
sulphides, 

—A CHjICH-S-CHs'CHj-SMs 


but it was found that there are exceptions to the general 
reaction. When heated with potassium hydroxide solution. 
S-inethyltetrahydrothiopheii methiodide behaves in accordance with 
anticipation, yieTding an open-chain sulphide : 




KOH 


pH^-OHMe 

— CH„ 


>SMe-OH 


HO-CHMe-CH, CHj-CH^ SMe 

i -ICO 

CHMe:CH-CH2*CH2-S-Me 


Similar treatment of peiitamethyleiie sulphide methiodide, how- 
ever, simply results in the regeneration of the parent penta- 
methylene sulphide, no opening of the ring taking place. On the 
other hand, 2 'methylpentamethylene sulphide methiodide gives an 
open-chain suljihide in the normal manner. 
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With regard to physical propertie?, the new puipliide? ?liov.- 
abnormality in their refractive indices. If the refraction constant 
for the sulphur atom is calculated by subtracting the normal values 
for the carbon and hydrogen atoms from the total reiractivity of 
the molecule, it is found that the figure thus obtained is very close 
indeed to the value for sulphur in the thiophen ^erles. instead or 
approximating, a^; might be expected, to the value for sulphur in 
the alkyl sulphides. This, combined with other abnoniid.1 proper- 
ties, suggests that these new sulphides will lorin an interesting field 
of research ; there must be some reason for the approximation of 
refractive power of the sulphur atoms in the suljdiides and the 
thiophen series, although in the one ca«e there is an atom incapable 
of manifesting any increase of valency, whilst ni the ca-e of the 
sulphides the sulphur atoms can «how quadii- and even ■'exa- 
valeiicy. 

Thr Thiophtn 

Ill the Annual Report for 1914 ^ it wa.s mentioned that the 
action of mercuric chloride' on thiophen gives rise to both iiiono- 
aiid di-mercuriclilorides. This reaction has now*' been extended, 
and proves to be a means of preparing other compounds of interest. 

When thiophen mercurichloride h treated with two molecules of 
soaiiim iodide, the product of the reaction is found to be mercury 
clithienyl in almost quantitative yield : 

2C4H3S,HgCl ^ 4XaI = Hg(eiH 3 S) . - ‘iXaCl -r HgI,,‘2NaI. 

By substituting for thiophen mercurichloride other analogous com- 
pounds, a whole series of mercury derivatives of thiophen has been 
prepared. All these substances behave similarly when treated with 
mercuric haloids in acetone solution, regenerating the original 
thiophen mercurihaloid derivative. Thus the parent substance, 
mercury ditliienyl, legenerates thiophen mercuriehlonde in accord- 
ance with the following equation : 

Hg{ C.HsS), -f HgCl , = 2C,H3S .HgCI . 

The only exception hitherto observed in this series is the sub- 
stance 2 : 5-diiiiethylthiophen-3-niercurichloride, wdiicli remains un- 
changed when an attempt is made to bring it into reaction with 
sodium iodide. It is suggested that if this abnormal behaviour of 
compounds with mercury in the ^-position proves to be general, it 
will furnish a simple method of distinguishing the a- and /3-deriv- 
atives from each other. 

s P. 138. 

® W. Steiiikopf and Bauermeister, Annalen, 1917, 413, 310 ; *4-, i, 303 
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Bv uliii^ing the interaction ol‘ tliioplieii luercuriehloride or 
nieroury diethienyl -with arsenic trichioride, it has been found 
possible to prepare arsenic derivatives of thiophen. Thus when 
arsenic trichloride is shaken with powdered mercury dithienyl, a 
mixture of three thiophen arsenic derivatives is obtained : thieiiyl- 
chloroar-iiie, CjHjjS-AsCh : dithienylchloroarsine, (CjH 3 S).>AsCl ; 
and trithienyiarsine, (CfITB);As. 

A new and simple method of preparing thienyl ketones" has 
been worked out, based on Lecher's method of synthesising the 
aiuniatic ketones. Thiophen. mixed with about 2 per cent.' by 
weight of phosphoric oxide, is allowed to react with acetyl chloride 
at 9d — 130^, and the product contains a 52 per cent, yield of 
2-acetothieiioiie. Other acid chlorides give corresponding thiophen 
ketones. The reaction is supposed to take place in the following 
three stages when an acid anhydride is used ■ 

( 1 ) P..O-, 2 Ac .0 = 2POy OAc. 

( 2 ) POcOAc -r QPL^S = QHgS-COMe,-!- PO.cOH. 

(3 ) POy OH + POy OAc = PoO, -i-'CILpCO^H . 

When an acid chloride is substituted for an anhydride, the first 
stage is modified into 

(In) P.A + CH 3 -OOCT = POyOAc + POX;i, 
and the third stage becomes 

{3n) PO.yOH + PO.Ci = P.O-,-f HCM. 

One ‘•jiecial advantage of the reaction in the thiophen series as 
compared with the benzene derivatives lies in the fact that much 
lower temperatures are retpiired in the former group in order to 
carry through the process. 


l^j/rroJe and da Derimfi vm. 

Among the numerous types of heterocyclic compounds, the deriv- 
atives of pyrrole appear to rank high as a class which furnishes a 
starting point for varied and numerous researches. In 1914, the 
production of alkylated pyriole^ by different methods occupiefl 
investigators; in 1915, the centre of interest was transferred to the 
polymerisations of pyrrole compounds; whilst in the earlier part 
of 1916 the main line of re.search tended towards the study of th® 
action of oxidi.sing agents on member.'! of the pyrrol® group. 

’ W. Steinkopf, AnnaUn, 1917, 413, 343 ; A., i, 278. 
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Dui'iii£,the latiev pan oi the year, liowever. a ireni liflci v;ab t'oiind 
III tLe coadtriisation ot pyrrole wuli vaiioiis lieto-.&= ^iid aldehydes “ 
Four main prodiiL-ts oi ilie coudeniiatioii oi pynole with acetone 
have been isolateil, namely, a» a crystalline aub?tajue, C-aH.,, ; 
hd; an ainorphons substance. C_,,H.,,pX,; «d) a nun-i-ry^ialline 'Ui)- 
^lance, C\-H_; 2 X 4 ; and (4? a crystalline curii]joiind. !C ,H , OX^’ ,. 
When the condemation is carried out in at-etone >oliiTion. ( i ) and (Id 
are obtained in almo-^t equal propoition.-. In alcoholic -^olntion at the 
ordinaiy temperature, the results are similar, but in hot alcoholic 
snliftion the e«d-]>roduct is almost entirely the compouncl ). In 
acpieous solution at the ordinary temperature, the compound il) 
still makes its appearance, but the main bulk of the product is the 
substance (3). In piesence of mineral or common organic acids, 
the leaciion yields compound (1) as liefore, bur. in addnion. com- 
Tiouiid (4) make^ its appearance. 

The compound (3) appears to he formed by a simi^Ie condensation 
reaction between four molecule^ of pyrrole and three molecules of 
acetone : 

IQH.X - SCbMe. = Co-,H 3,X4 - 3Hp. 

It is therelore referred to as the ' retrapyrrole-triacetone ” deriv- 
ative. On heating with hydrochloric acid in presence of acetone, 
it is converted almost entirely into the compound (1), which is 
therefore termed the tetrapyrrole-tetra-aoetone " derivative. 
Compound (1) is ahso formed when the compound (4) is heated 
with hydrochloric acid. 

Compounds (1) and (’3) are evidently related to etioporphorin, 
since on oxidation they yield maleinimide, whereas etioporphorin 
itself when oxidised gives a .substituted maleinimide. From the 
volume of gas evolved when (1) and (3) are treated with magnesium 
proi)yl iodide, it has been deduced that the four imino-groups of 
the pyrrole residues are still intact, and the products of this reac- 
tion show a behaviour similar to that of carbamic acids. From 
the production of nnsubstitnted maleinimide from (1) and (S') by 
oxidation, it is safe to argue that, in the condensation reaction by 
which they are formed, no attack has been made at positions 3 
and 4 of the p^uTole ring. This limits the problem to condensation 
at position 2. and from certain facts observed in connexion with 
the distillation of the compouncl (1). it has been assumed that (3) 
has the structure shown below : 

-CAIe. OMe.— , 

XH XH XH XH 

® V. V. Tscbelincev and B. V. Tronov. J. Russ. Phys. Chern. Soc., 1916, 
48, 105; 127, 1197; .4.. i, 91. iV.i. 411; Tsf'hc-lincpv, Tronov, and S. G 
Karmanov, 1210; A., i, 412. 
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whilst (.'onipoiuHl 0 ) is supposed to have the following lonnuia, 
which ificallb KiUtei-ii formula foi hssiuin . 


OMe.,— . . 

J. ^ I 

>NH HN< 


CMe., 


CMe.v 


'-CMeo 


A further series of investigations has been carried out involving 
the condensation of pyrrole with other ketones, the results being 
analogous to tliose detailed above. 

.Substitution of formaldehyde for acetone and the use of acid 
condensing agents ^ produces a compound which a 2 }pears to have 
the structure (I), and when the conden.sation is carried out in 


\/ 

NH 

(I.) 


-CH. 


ch:c(ch,*oh) 

CH?C(CH5'0H)-^^ ’ 

Cl.) 


presence of potassium carbonate, the product is a glycol, 2 : 5-di- 
methylol pyrrole (IT), which, on oxidation, produces pyrrole-Sr-?- 
dicarboxylic acid, so that the reaction forms a method of preparing 
acids of this type. 

The new method of methylating pyrrolidyl isopropyl alcohol 
mentioned in last year’s Report 1° has been extended to other sub- 
stances, and has been shown to be a general reaction.ii Thus 
a-2-pyrroIidylbutyl alcohol when heated with formic acid and 40 
per cent, formaldehyde solution at 105 — 110° in a sealed tube is 
converted into a-l-methyl-2-pyrrolidylbutyl alcohol. 


Pi/riffine and Piperidine. 

Less attention than usual has been paid to this class chu’ing the 
current year. When the sodium compound of pyridine, C-HgNNa, 
is treated with moist ether, a mixture of tetrahydropyridyls is 
formedd’’ and from the fact that autoxidation of the mixture yields 
2 :2'-clipyridyl and 4 ; 4'-dipyridyl, it may be assumed that the 
tetrahydro-com pounds are similarly constituted. 

In the Annual Report for 1914,13 attention was directed to the 

•' I". V. Tsclielincev and B. V. Alaksorov, J. Russ, Phijs. Chem. Soc., lf)]G 
48, 748, 779 ; A., i, 164-5. 

Ann. Report, 1916. 141. 

“ K. Hess, C. Uibrio and A. Eiehel, Ber.. 1917. 50. .144 ; A., i, 351. 

B. Emmert. Ihirl.. 31 ; A., i, 221. ]3 p_ 
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me ni rtviuh ic ..s ? '-uKctil . 1 1 u' aj ■' ihe iT...-t-u-r \>.ai 1.. ^ 

TO Lyl'l vciiie ulihi €X".rii k* n- ..t.!L=-at.on ii* 
t»j- biarirli ot Tbc -i\h]e. r 71iu- wl-fn le '< Ijo.lei' .i' 

jfyriuiiie -uhition u j- c“.nvene«i uitr. ^i.ax ilwie Tii-reyaiiate aia' 
a compound n'hicn iepa’de<l aiiniiumrib tiithaicui oonate 
:^ii!iiiai tieatmeiA toiveit- thioa’^’inophennl into iiarnnophenyi 
sulphide 

i\liilst thioacetaiulicle in pyiidine coutaiiiinateci with wMtei, pic- 
duce- acetanilide <tnc{ hydioiren sulphide Piperidine appeal'- to 
have piopeines '-nnilai to tho^e ot pyiidine in rl e capacity ♦ui 
lernovin^ hydiogeu sid]mi'ie invu .onij) 1- 


11. , Tnu^le 

A study o* the abvointion '•peeti.i of vallo^■'^ dei natives 01 
indigotiii ha'' been earned out and it has been lOLiiid that maiked 
alteiatioiis aie observed itlibn '•iiiphuiit acid sub'-tituted foi a 
col vent conijiounded of chlcio’^oiin and 'sfaiiiiic chioiide The coloui 
changes ob-^eivetl in the indigotni senes closeiy le-einble those iound 
in the case 01 the halochioniic ai 3 -unsatuiared ketones, which also 
cnange then nut 111 pi esence ot acids In oidei to account loi the 
optical data obtained h is "Ugge'-red that the ’oimul.a 101 irdi^otin 
should be wntten thus 



It must bo tiaiikiy confe-'Sed that a loimtila 01 this type sugge'ts 
but iittie to the oidinary chemi-t and it seem-, doubtful %\hethei 
much IS aaiiieci by the use of such schemes In lecent times theie 
has been a good deal of this kind of thing, and many authors seem 
to imagine that thev have exiolained the occuirence of colour 
merely by putting a few dotted hues into their formula; Even it 
we suppose that such paitial valencies exist in molecules, their ineie 
occtirience does not give us any idea of the oiigin 01 coloui in the 
compounds represented The intioduction of an aiiow and a 
dotted line into the iiidigotm formula can =caicely be leaaidefl as a 
step towaids the exjilaiiation of the physical oiigiii of the tint of 
the substance itself Residual affinity and the occurieiice of coloui 
often can be proved to co-exist but unless we get some clear physical 

IVr Rafto and O Balduzzi Genzetta, iOlT, 47, 1 b,j . .4 , i 382. 

T Lifschitz and H Loinie Bp) 1017 50 , 807 , .4 i, >8l5 
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idea I'Oinieeting the two phenomena, progress i-> likely to be -low. 
In many cases, it looks as u' the att ui r'oimiila mongering had 
becoiae an end in itself, divorced altogether from any idea of the 
].hysical side of the siibjeet. 

ileiler'*' has sugaested that the varion-^ salts of isatin and ir- 
ethers and oximes owe their differences of colour mainly to the 
different mode of attachment of the metallic atoms to the nucleus, 
and he states that the X^salts are deeper in tint than the 0-salts 
Claasz.^" on the other hand, criticises this view adversely. He 
liases hi- objection on the fact that- no X- or C-i”etallic salts are 
known in widen the metallic atom is not removed by solution in 
water; and yet, none the less, isatin gives a blue salt which, owing 
to its dissolving unchanged in water, can only be an 0-salt CUaasz 
points out that isatin ttives three 0-salts, to which he ascribes the 
following formulae. 

C.H,<-^>C-OXa 0,H,<J~>C0 p>CO 

(I.) (TI) (HI) 

The structure (TI') corresponds •with the red salt of the red isomeride 
of isatin discovered by Heller (seebelo'w); formula (III) repre- 
sents a blue salt, soluble in water, and its enhanced colour leads to 
the qtiinonoid structure being applied to it. The deep Wjte 
X-sodium salt of isatin changes to red on solution in •water, owing 
to its conversion into an 0-salt. It would scarcely be safe to 
ascribe the blue tint solely to the ^'-attachment of the metallic 
atom, since there is a blue 0-salt known also, the colour of which 
could not be accounted for on this basis. Heller has suggested that 
it.s structure should be represented by (IV), but Claasz objects to 
this on the ground of insufficient chromophores, and proposes 
instead the formula (V) with the quinonoid structure; 

NXa. 

C,H,<boo>CO \o. 



(IV.) (V.) 

Heller has applied his views to the case of the dioxindole sodium 
salts, one of which is violet, whilst the other is colourless. He 
ascribes this colour change to the transformation of the V-salt into 
tlie 0-,salt. as shown below: 


C,H 




C«H,<^^>C-ONa. 


G. Heller, Ser., 1916, 49, 2757; A., i, 219. 

” M. Claasz, f6/r7.. 1917, 50, 511 ; A., i, 413. 

G. Heller and H. Heine, 1916, 49, 2775 ; A., i, 220. 
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All cai-s.- ot i^ouier.^lu liiit d-i-teoU-.l in tlie 

The and lactini etiier^. cf i eoj-Ttspondiri^ 

with the forn*uIse A aud B below) have long been kncvrii, but isatin 
itself was found only in one form, the reeoud desniotronic possi- 
bility not having been realised in practice. This gap in our know- 
ledge has now been hlied by the discovery of an isomeride or isatin, 
termed isatol, to which the structure C is ascribed. 

C.,H,<^^P>CU CVH,<f^>C-Oile 

A. B. C. 

Isatol is prepared by acting on the X-silver salt of isatin with 
benzoyl chloride and benzene, silver chloride being formed and 
isatol being liberated. It is a red. crystalline substance which is 
insoluble in ammonia, whereas isatin is soluble. 


A Bouhhj Cotuhtiitil Indole. 

A new type of derivative of^the indole groutj-^ has been obtained 
by a double application of Lipp’s indole synthesis. The stages in 
the process are shown by the lorinulfe below : 



XH 

(III). 

The substance (I) is prepared from aa-dibromo-2 ; 2'-dinitrostilbene 
by reduction with stannous chloride dissolved in a solution of 
hydrogen chloride in glacial acetic acid. The conversion of (I) 
into (II) takes place by boiling for a short time with alcoholic 
picric acid, and the second stage of the condensation is attained 
by prolonged boiling of (II) with alcoholic potassium hydroxide. 
The compound (HI), for which the name “dindole” is proposed 
(a contraction of di-indole), is very pale yellow. Condensed nuclei 
of this type are known in the pyrrole group, but this appears to 
be the first example of such a structure in the indoles. 

G. HeUer, Ber., 1916, 49 , 2757 ; A., i, 219. 

2® P. Buggli, ihid., 1917, 50 , 883 ; A., i, 586. 
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J.'ht Rtlafi^r SfahilitJ/ of C'/ch'c tn Ihe Hofmann Reaction. 

The Hofinauii reaetioii referred lt> in the title. oJt this section 
may perhaps be more easily recognised under the title of ■‘ex- 
haustive methylation,” and is used to indicate the reaction by 
means of which an unsaturated tertiary open-chain base is derived 
from a cyclic quaternary ammonium hydroxide by the elimination 
of water. The experiments. which have recently been carried out 
in this field show that the elimination of water is not a necessary 
part of the reaction, as hydroxy-amines arc frequently formed. 

When various cyclic bases are submitted to the reaction, and the 
amount of decomposition in each case is estimated from an ex- 
amination of the end-products, it is found that the stability of the 
ring increases in the following order : tetrahydrofsoquiuoline, 
dihydro/^fhiidole, pyrrolidine, piperidine, dihydroindole, and tetra- 
hy droquiuoline , 

Another reaction which causes fission in these cyclic systems is 
found in the application of cyauogei;i brdmide on the molecules in 
question. Curiously enough, in this case also the order of stability 
is almost exactly the same as that given in the last paragraph. 

Since the two reactions are so very different from each other, it 
is suggested that the stability of the cyclic system in such is 
intimately connected with the nature of the forces at work in the 
molecule as a whole. 


C riss-croifs Addition to Conjugated Systems. 


In glacial acetic acid solution, benzaldazine readily takes up two 
molecules of cyanic acid, forming 5 :3'-dihydroxy-3 :5^-diphenyldi- 
liydro-1 : 2-triazolotriazole ; 


'^'GHPh 

X ‘*-151 {b) 

I + + O-OH 

HOC '■■“N I 
(«) N 

CHPh 


CH 

N C-OH 


HO-C N 


CHPh 


An examination of the formulae will make it clear that the additivh” 
reaction has taken place in what may be termed an abnormal 
manner. From analogy to other reactions of conjugated double 
bonds, it might have been expected that one molecule of cyanic 
acid would attach itself to the positions 1 and 4 of the benzaldazine 
J. von Braun, Ber., 1916, 49, 2629 j A., i, 169. 
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eliaiii, leaving the second molecule to fix itself in positions 2 and 3, 
Acluaily wliat occurs is that one molecule ot cyanic acid attack' 
positions i and d, wiiilst the otlier atcaciie' itsdr at 2 aii l p 
inocess trhicli may convenientiy Le desiunLed as cri's-erosS ’ addi- 
tion.-- Two factors seem to militate again-t the possibility of the 
normal action of the conjugated system in this case. In tlie first 
place, addition of cyanic acid in the positions 1 and 3 v/onld entail 
the formation of a new bond between two carbon atoms, whereas 
tlie actual course of the reaction permits the formation of the new 
ring by means of linked carbon and nitrogen, which is a miicli 
more common additive reaction. Secondly, the actual course of the 
reaction ends in the production of two five-niembered rings, which 
are usually marked by stability, wlierea^^? if tiie addition rook place 
at the positions I, 4, and 2, 3 the .=!ub«taiice produced would contain 
one six-membered and one four-membered ring, a much less stable 
type. It seems probable that these two factors give the key to this 
apparently abnonnal behaviour of the conjugated system. The 
point is of interest, and. if there are any new cases of the kind 
detected in future it may s^ve to throw light on the still very 
obscure problem of imsaturation. 

When the triazolotriazole is dissolved in 10 per cent, aqueous 
potassium hydroxide and subjected to steam distillation, part of it 
is Coliverted into a compound which appears to have the structure 
(I ) ; whereas when oxidised with concentrated nitric acid below 10° 
it yields (II) : 


OHaPh-N C-OH 

IST N 

CPh 

(1.) 


HX COH 


N 


X 


UPh 
{II. ) 


The Co7istitutio)i- of Meconic Acid. 

An attempt's has been made to establish the constitution of 
meconic acid, which has hitherto been regarded as the trihydrate 
of 3-hydroxy-4-pyrone-2 ; 6-dicarboxylic acid r 
O 

CO^H-C/'^C-CO^H 

HG,^^G-OH 

CO 

22 J. R. Bailey and Is. H. Moore, J. Amer, Ghein. Soc., 1917, 39, 279 j 
A., i, 355 ; J. R. Bailey aird A. T. McPherson, ibid., 1322 ; A., i, 587, 

22 W. Borsche, Ber., 1916, 49, 2538 ; A., i, 117. 
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]t is now sliowii iliftt on reduction by means of hydrogen in 
]>refeiiee of colloidal palladium it yields aj3'),e-tetrahydroAypiiiielic 
acid.rO.H-0HtOH)-CH(OH)-rK,6H)'CHyCH('OHi-CO3H. Xow 


Hc/ \c*ao.,H 
HO-C^ ^Cli 
CO 
( 1 .) 


0 

hc/\cH 

Ho-a 


CO 

m.) 


cH 


when comenie acid (I) and p\’ronieconio acid (II) 'are reducecl, the 
pyrone bridge i& not broken and the end-products of the reaction? 
are j>entamethylene oxide derivatives. The conclusion is drawn 
that meconie acid is not constituted analogously to comenie and 
pyronieconic acids, and that instead of being a true pyi'one deriv- 
ative it is really an ojDen-chaiii coinpouncl of the following consti- 
tution : CO.H*C(OHp-CH(OH)*CO*CHyC(OH} 2 -CO,H. Bearing 
in mind the difference in constitution between the various com- 
pounds assumed to be analogous, tlie evidence may be taken for 
what it is worth. The presence of two hydroxyl radicles attached to 
a single carbon atom in the grouping •CH 2 *C( 0 H) 2 ’C 0 . 2 H appears 
to be scarcely in accordance with experience. 


The Mevlianiem of Pieudo-hase Condeyisatiou . 

In connexion with some reactions of berberine derivatives, a new 
theory of the reactions between pseudo-bases and pseudo-acids has 
been suggested by Mrs. G. M. Robinson and R. Robinson.-'* When 
a dilute acpieous acetic acid solution of cotariiine is mixed with 
uitromethane and sodium acetate is added, the product of the reac- 
tion is anhydrocotaniinenitromethane. Now cotarnine, under the 
conditions of the experiment^ may be supposed to contain either 
of the groups (I) and (II), the former being the carbinolamine form 
whiht. the latter represents an iinsaturated ammonium hydroxide. 

■CH(OH)-NMe- OH:NMe(OH)- 

(I). (11 ) 

From a survey of the evidence at their disposal, the authors con- 
clude that (II) represents the reactive form of this part of the 
cotarnine chain. Originally, -•» the suggestion was made that the 
reactions of such substances could best be expressed as a result 
of the interactions of ions; but this view is now displaced by the 
hypothesis of a simple addition. The ionic hypothesis when applied 

2* Mrs. G. M. Robinson and R. Robinson, T., 1917, 111, 958 ; A.^ i, 706. 

E. Hope and R. Robinson, ibid., 1911, 99, 2119. 
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to the recL-tion betweeu a pseudo-acid and a pseudo-lmse. sleicanded 
the assumption of two iiitranioleciuar cliaii 2 [es. whicli are dispensed 
with iu the later ^^lagestion. 

Appiving the addition liypotliehis to a i'eneial case, the following 
scheme results : 



It will be seen that on the left tve have the two reagents cuiiiiug 
within eacli other's reaction-sphere, and that each reagent is 
a>siimecl to display certain partial valencies. In the second phase 
of the reaction, a complex formed which held together by the 
partial valencies. In the mial st<ige of the reaction, rupture of 
the original bond between H*and X occui>, accompanied by the 
elimination of tvater. The second and third stages of the 
cotarniue-iiitromethaiie reaction mentioned above are shown in the 
scheme below : 


(.? 



In order that these changes may be clearly understood, it is 
necessary to point out that a further assumption with regard to 
partial valency is made in those cases where disruption of a mole- 
cule results from the reaction. The case of the formation of ammon- 
ium chloride will make the matter clear. In the first place, wdien 
a pair of partial valencies is assumed to exist in a molecule, the 
valency utilised in forming the partial valencies is supposed to be 
derived from the normal valencies of the molecule ; and hence these 
normal valencies become weakened. Thus hydrogen chloride dis- 
playing no partial valency would be represented with a full valency 
bond between the atoms; whilst when the partial valencies are 
called into play, the bond between the atom is weakened and is to 
he represented by a dotted line: 


H- -Cl 


...H Cl 
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The foniiatioii of aiumoiiiiim chloride would therefore be -expressed 
by the following scheme : 

^ ,.ll 

+ ! n ' Z1 XH^Cl 

■■ Cl ""Cl 

A tiiial point mu^t be indicated. When a normal valency is 
weakened in order to provide two partial valencies, the two parts 
will have the stune ]>olarity, being either j^ositiye or negative; 
whereas when a hiitnf valency (such as exists in tervalent nitrogen) 
oives rise to two partial valencies these will be of opposite signs. 
Applying thi'^ to the scheme given above for the interaction of 
ndromethane and cotarnine, it will be found that the polarity of 
the nartial valencies engaged in the ring-formation (complex- 
formation) IS representable according to the following arrange- 
ment: 

d 'H 

}\\.b 

This theory has been applied to other organic reactions, such ?s 
the broniination of ketones and the mechanism of diazo-coupling; 
but the reader may be left to trace its full development for himself 
in the original paper. 

A Kew Si/nihesis of Tropinone. 

The drawbacks of the classical method of alkaloidal synthesis are 
apparent to anyone. Starting, often, with out-of-the-way materials 
w’hich themselves are obtainable only with considerable difficulty 
(suberone in the Willstatter synthesis of tropine, for example), 
the alkaloidal skeleton is built up laboriously by adding group to 
group and chain to chain until the structure is complete. In favour 
of this method it may he adduced that it places beyond doubt the 
constitution of the finished product; and from this point of view 
the steji-by-step mode of synthesis will always retain its value. 
From two other points of view, however, it is deficient in many 
cases. It is often expensive, and therefore its products cannot com- 
pete with the natural alkaloid in commerce; and, further, it throws 
little light on the methods whereby plants carry out their syn- 
thetic processes which result in the formation of the alkaloid class. 

Entirely fresh ground has been broken by a novel synthesis of 
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iropiuoDe'' ior the new method appear^ on the one hand capable r-f 
yielding a cheap product, whilst on the other it holds out the hope 
that we are at last on tiie track of natural syutlietic processes. 

An examination of the formula of tropiuone shows that it 
exhibits a marked symmetry of structure ;. and if file structure be 
imagined as disrupted at the dotted lines, it becomes evident that 
it consists of a succmyl radicle, a metiiylamine nucleus, and an 
acetone group : 

CH.— CH CH. 

[ “ -i I 

I NMe CO 

I -! . I 

CHg— CH CH. 

Tropinone. 

Following this line of thought, succindialdeliyde, acetone, and 
methylamiiie were allowed to interact in aqueous solution for half- 
an hour, at the end of which tropinone was found to be present 
in the mixture. As a j:est for tropinone, the dipiperonylideiie 
derivative was used, which is readily formed when piperonai acts 
on tropinone. 

Modifications of the above method of synthesis have also been 
found successful. In one of them ethyl acetoiiedicarboxylate is 
substituted for acetone ; in another, the calcium salt of acetone- 
dicarboxylic acid is used. By the latter method no less than a 
42 per cent, yield was obtained of tropinone, calculated on the 
weight of succindialdeliyde employed. 

It will be seen that this new method of synthesis opens up a very 
wide field owing to its simplicity and the good return for the 
material employed ; and it mark.s a great advance on the older 
methods of preparation. 

J Theo/')/ of AJkuloidal Si/nthesis hi Flants. 

The mechanism by means of which certain plants are able to syn- 
thesise the complicated structures of the alkaloidal type has 
hitherto baffled the ingenuity of most chemists. It is self-evident 
that the processes employed in our laboratories are not akin to those 
employed in the natural formation of the alkaloid class; for the 
plant is forced to work within a very limited range of temperature, 
and the reagents at its disposal can scarcely be assumed to com- 
]iete in variety with those of the investigator. Clearly, then, the 
natural processes must be of a simple nature; they must be capable 
of acting at the ordinary temperature and they must not demand 
complicated reagents for their work. 

se R. Robinson, T., 1917, 111, 762'r-4., i, o81. 
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Robinson lias pnl forward a series of suggestions as to tho 
inanner in wliicl: many of tlie fainiliar alkaloidal skeletons may 
be produced ir* t-iie course of comparatively simple reactions, and 
iiis paper should be studied by all wdio are interested in the 
nroblem. Unfortiinatelv, its ingenuity would lose b}’ condensation, 
so that only tfie barest outline of it can be indicated in this place. 
Examples are given of possible lines of .«yntliesis in the pyrrolidine, 
]dperidine, (piinoline, and /«oquinoIine groups, which gives some 
idea of tlie breadth of outlook taken in the paper. 

The author assume- for the linking of tfarbon to carbon tn the 
alkaioidal chain only two simple reactions: (I) the aldol condensa- 
tion, and (21 the similar condensation of the carbinol-amines (con- 
taining the group •C(OHl*K*l with substances containing the group 
•CH’CO*. Eor the production of the carbinol-amines he relies on 
coinhinalion of a fret one or aldehyde with ammonia or an amine. 

A fter the alkaloidal skeleton lias been built up by these methods, 
ii is necessary to assume further reactions: oxidations, reductions, 
eliminations of water, or methylaticCi by means of formaldehyde. 
The work of Collie-® on the polyketen class is quoted in support of 
certain steps in the argument, and it is suggested that acetone- 
dicarboxylic acid may be an intermediate compound in the pro- 
duction of acetone by the photochemical decomposition of citric atid 
in presence of the catalyst uranium oxide. 

The following scheme gives an outline of the possible synthesis 
of tropinone in the plant: 


Ph>/fochc7H>rifJ St/vfftcsi.c of Tropifionc. 


hrH„*0H2*GH./CH,-CH(]SrH„)*C02H + 2CH20 

I 

Methylation ^ and oxidation 

CH0*CH2*0H.2*0H0 + + CO^ 


tT,.OH(OH) 


^ condensation 
CH2*00.,H 

CO (extra reagent) 

CHg-OOsH 


condensation 


CH2'CH-CH-C0.,H 

NMe CO 

6H„-CH““CH'COJd 

” R. Robinson, T., 1G17, HI, 876 
23 jr. isr. Collie, ibid., 1893, 63, 329 ; 


CFs-OH— CBTg 
NMe CO . 

A., i, 664. 

1907, 91, 1806. 
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Without exa.ggeratioi2. ir may be -aid that, this paper laarks an 
epoch in the consideration of alkaloid synthese'. and ife opens up'a 
new line of thoughr which may react strongly on the p-ractioal 
methods employed for the commercial production of compounds 
of this class. Coupled with the same author’s synthesis of t-ropin- 
one, w'hich was dealt with in the preceding section, it- suggests 
that -we are on the edge of developments in the study of the alka- 
loids which were undreamt of at the time last year’s Report was 
published. 


The Morphine Alkaloids. 

The experimental work in this branch of chemistry has led in 
recent j’ears to conflicting results in more than one case, and in 
consequence there lias been a good deal of confusion as to the 
morphine structure. A critical survey-^ of the whole subject has 
now been published, in which it is sought to harmonise all the 
experimental data and draw up a formula for morphine itself 
which -will agree with the esiikablislied facts. As a result of this 
sifting of the material, the following structures are proposed for 
morphine and thebaine respectively: 


OH. 






[ \h 

OMe 

/ 


/ H 


/\ 

\/ 


\H 

CH^ — 

O' ' CHo~i— CHo—'-'IsMe 

/\ / 


\/ 

/ X/ 

\ / 


\/ 

\X 

Morphine. 

Thebaine. 


A point of some interest has been raised in connexion with the 
physiological activity of codeine. It will be recalled that in the 
case of cocaine substitutes the peculiar physiological activity of the 
natural substance is paralleled by the behaviour of certain syn- 
thetic substances which bear a more or less remote structural 
resemblance to the true alkaloid’s constitution. For example, the 


F. Faltis, Arch. Pharm., 1917, 255, 85 ; A., i, 411. 
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following formiilje indicate the kinsliip in structure between cocaine 
.m l eucaine: 


CH,-CH-”CH-CO.Me 

I NMe CH-OBz 

-CH. 

Cocaine. 


CHg-CMe-CH, 

^OBz 
-CO.Me 

CHg-CMe-CH. * 

Eucaine. 


NMe C<p 


An attempt lias now been made to ascertain whether transposi- 
tions of groups in the mori^hine nucleus '> leave t>he physiological 
diaraefcer of the conipoiind unaffected; but the results appear to 
point to the true codeine structure being necessary in order to 
produce the phj^siological effect. Thus if the basic properties of 
the codeine nitrogen atom is destroyed by any means, the alkaloid 
]ose^ its physiological activity, and does not regain it even when a 
new amino-group is introduced into the molecule by attachment to 
tlie aromatic nucleus of the alkaloid. Hence it is not the mere 
jn-eseiice of the amino-group which lends '"codeine its peculiar char- 
acier ; but, in addition, the amino-group must be active and situ- 
ated in a particular position in the skeleton. Transposition of the 
codeine hydroxyl radicle gives analogous results. The new coni- 
]jouiid lias much less physiological activity than codeine. iFinaJJy, 
when a compound is synthesised containing all the characteristic 
groups of codeine (a methoxylated benzene ring, a nitrogen ring 
with methylated nitrogen, and an alcohol group), this “pseudo- 
codeine " shows no resemblance to true codeine in its physiological 
effects. From this it may be deduced that the root-factor in the 
]>Iiysiological activity of both codeine and morphine is to be sought 
ill the po.'^ition of the nitrogen with regard to the bridged hexa- 
metliylene ring. 

A new relation has been established between thebaine and 
codeine by the discovery that when the former is oxidised under 
certain conditions it yields a hydroxylic ketone, the oxime of whicli 
is identical with that derived from bromocodeinone.®! 

Three new methyl derivatives of morphine have been prepared, 
so that the seven possible ones are all now known.®® 


The Vric Acid Group. 

For some time this region of the subject has been almost dor- 
mant; but an enormous flood of new material has recently been 

J. von Braun and K. Kindler, Ber., 1916, 49 , 2655 ; A., i, 163. 

M. Freund and E. Speyer, J. pr. Ghem., 1916, [iij, 94 , 135 ; A., i, 217. 
•"2 C, Mannich, Arch. Pharm., 1916, 254 , 349 ; A., i, 473. 



ORGANIC CHEMISTRY. 


139 


published, ■which serves to throw a certain amount of light on 
some minor point'^. It is quite impossible to siininiari-^e the paper,-, 
and attention will tlierefore be dire<*te 1 only to ont-taiidini; 
subjects. 

A series of new reactions of uric acid has been described.-^^ A 
niethod of preparing alloxan, suitable for lecture demonstration, 
IS mentioned The formula 

is suggested for alloxanic acid.^^ Some -sp/rohydantoins have been 
jjroduced from certain of the uric acid derivatives.^*^*’ A new and 
simpler niethod of preparing 9-methylui ic acid is described. 

One point of interest has been cleared up in the course of this 
work. It will be remembered that one of the puzzles of the uric 
acid group was found in the occurrence of three isomeric methyl- 
uric acids for which only one formula seemed available, since all of 
them were supposed to contain a methyl group in the 3-position. 
These three compounds were designated respectively: a-methyluric 
acid, 5-methyluric acid, and ^-methylurie acid. It is stated that 
5-methyluric acid is the true 3-metliyluric acid, the other two com- 
pounds being mixtures containing more or less 9-methyluric acid.^s 
PfTrther evidence, how’ever, based on an examination of the crystal- 
line form, absorption spectra, solubility, and acid strength of the 
three substances leads to the conclusion that the a-acid also is 
really a molecular compound containing both the 3-methyl- and 
the 9-metliyl-uric acids. 

The rest of this series of papers is occupied with an account of 
derivatives of various uric acids which it is unnecessary to catalogue 
in detail in this place.'*® 

The Ipecacuanha Alkaloids. 

During the period covered by this Report a considerable advance 
has been made in cur knowdedge of the ipecacuanha alkaloids. In 

33 H. Biltz and M. Heyn, Annalen, 1910, 413. T ; A., i., 28f>. 

31 H. Biltz and M. Heyn, ibid., 60 ; -4., i, 289. 

3 5 H. Biltz and M. Heyn, ibid., 68 ; i, 289. 

36 H. Biltz, M. Heyn, and H. Bergius, ibid., 77 ; ,4., i, 290. 

37 H. Biltz and M.''Heyn, ibid., 87; .4., i, 291. 

38 H. Bibz and M. Heyn, ibid., 98; A., i, 292. 

33 B. Biilmann and J. Bjermin, Ber., 1916, 49, 251.5 ; 1917, 50, 837 ; 

A., i, 177, 588. 

*8 H. Biltz, K.Strufe, P. Damm, and M. Heyn, Annalen, 1916, 413, 124; 
A., i, 293 ; H. Biltz, M. Bergius, and F. Max, ibid., 1917, 414, 54; A., 
i, 689. 
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]01-]4^ three alkaloi.-l'^ from this •«ource Jiad been e^^amiiied . 
otieiiiif, replhieline, and psychut rine, and the relations between 
liieiii had boen e-i abli^hed. Pi>yrliotriiie was found to have the 
ct'iuL^jlioii Ch..fL,;04Xj. On reduction, it yielded a mixture of 
cepliaeliiie and /s'ocephaeliue, both of which had the composition 
( '^^113^04X4. Einetine was shown to have the formula. 0291144,04X0 
and to be ilie nionomethyl ether of cephaeline. On oxidation, 
emetine yielded 6 : 7 - dimethoxy/<;6quiiiolme- 1 - carboxylic acid, 
thereby establit»hing the fact that the alkaloids belonged to the 
/soquinoliiie group. , « 

An extension of this investigation has now been published.^” A 
new alkaloid has been isolated, which proves to be the 0-metliyl 
ether of psychotriiie, and has, in consequence, been named metliyl- 
p&ychotrine. On reduction it yields three bases, namely, emetine, 
^.-foemetiiie, and a third substance termed for convenience “ Base C." 
Along witli methylpsycliotrine occurs yet another base, to which 
the name “ emetamine “ has been given. Methylpsycliotrine and 
euietine when oxidised produce rubremeti^ie. 

Psycl'.otrine and methylpsycliotrine'’ contain the imino-group, and 
it appears probable that the -reduction of methylpsycliotrine results 
ill the saturation of an etliylenic linking, and not of the linking 
C!X. The fact that the reduction of psycho trine (or of its methyl 
ether) results in the formation of two isomeric compounds "is 
ascribed to the creation of a new asymmetric carbon atom in the 
molecule of the reduction product. 

The following table indicates the relations existing between the 
members of the group and their derivatives : 


Ceplialine — methyla- • Emetine 


^ 28 ^ 38 ^ 4^2 

t+Ha 

tion 

f-^H2 


Psychotrine — 

^ 28 ^ 36 ^ 4^2 

methyla- 

tion 

Methyl- 

psychotrine 

^£0 ^. 38 ^ 4^2 


-r-Fj 

fsoCephaeline 


/soEmetine 



Rubremetino. 


Base C 


Two other papers have been published, ^ 3 ' « they do not throw 

the same amount of light on the problem. 


« F. H. Carr and F. L. Pyman, P., 1913, 29, 22G ; T., 1914, 105, 1591. 
F. L. Pyman, T., 1917, HI, 419 ; A., i, 410. 

O. Keller, Arch. Pkarm., 1917, 255, 75; A., i, 400. 

P. Karrer, Per., 1917, 50, 582 ; A., i, 409. 
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Coj'ijdalis Alkcdoids. 

Tile complications introduced by steric factors are well exempli- 
iied in tlie case of the corydalines. Wlien deliydrocorydaliiie is 
reduced, two coiwdalines are produced. Both are inactive, and it 
appears that they are probably stereoisomeric, one of them being 
r-corydaline and the other r-mesocorydaline. By choosing the 
experimental conditions properly, either of the two compounds 
may be obtained alone as the product of the reduction reaction. 
Separation is effected i^ necessaiy by taking advantage of the fact 
that r-mesocorydaline alone crystallises from an ethereal solution 
of the mixture. 

Now •when /--mesocorydaline is resolved into its optically active 
components, it is found that the (/-form is not identical with natur- 
ally occurring ^f-corydaline, so that it seemed probable that the 
natural alkaloid was c^-corydaline. Attempts to establish this by 
the resolution of r-corydaline into its antipodes failed, so that 
another method of procff tvas tried. By the sulphonation of 
r-corydaliiie it was possible to prepare r-corydalinesulpliouic acid, 
and this substance was then resolved by the aid of brucine. The 
natural fZ-corydaline, in turn, was sulphonated and its optical 
agtivity was compared with that of the <f-antipode of the synthetic 
sulphonic acid. The identity of the two was thus established, 
wdience it follows that natural and synthetic if -corydalines are 
identical. 


Yohunhine and Qiiehrachine. 

The problem of the identity or non-identity of these two alkaloids 
has evidently not yet been solved.^® Altliougb they appear to be 
easily mistakable for one another in purely chemical tests, it is 
stated that they are distinguishable in physiological activity, 
although in their behaviour pharmacologically they have much in 
common. On this ground, it is suggested that they are not identi- 
cal, but are members of the same pharmacological group. Atten- 
tion is directed to the fact that they both, in common with strych- 
nine, give Vitali's reaction. 


Other Papers on the Alkaloids. 

A number of papers on the cinchona alkaloids have appeared, 
although none of them can be dealt with in detail here. When a 

J. Gadamer and W. Klee, Arch. Pharni., 1916, 254, 29o ; M., i, 47’2. 
Compare Ann. Report, 1916, 161. 

*" E. Filippi, .4.rch, Farm, sperim.^ 1917, 23, 107 j A., i, 582. 
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salt is treated Mioeessively with chlorine and anpioiiia in 
>olution a green product, thalleioquimne, is obtained. This sub- 
stance has now ''' been examined, and it is suggested that it is 
cliloroliydroxy-5 . d-Jiketocinchonine : 


CO GsHi2lSi(On)-CH(OH)*CH2Cl 

/\A 

CO C CH 
CH G CH 


CH :n' 


to wliich one Jiioleeule of ammonia is loosely attached. Some 
degradation reactions in the cinchona groiij) are described, dealing 
with ciiicholeiipone,^^ ?.<jocinchonine,^'^ dihydrociuchotoxine,^^ and 
cincliotine.*^- A new series of “ systematic names for the various 
alkaloids has been proposed, wliich may in the end help to make the 
subject clearer, although at present it merely burdens the reader 
with a double set of titles to remember. Some substances allied to 
tjiiiniiie have been synthesised.'’’^ 

Cyanogen bromide has been employed as a reagent for opening up 
I'ertain nitrogen ring-compounds, and the new method is of especial 
interest on account of the fact that the point at which it produces 
a rupture in the ring is different from that at which the br^k 
takes, place in the Hofmann reaction of exhaustive methylation. 
Both hydrohydrastinine and hydrocotarnine have been tested with 
this reaction, and they are found to give good results ; so it appears 
as if the reaction might be of more general application.®^ 

Papers on scopoline bromide,®® pyraconitine and pyraconine,®'^ 
jielletierine,®' and methylpelletierine may be referred to by those 
interested in these .subjects. 


The B'lJt Firpne)itsi. 

It will be recalled that haematine, the non-album inous component 
of the blood pigment, is the source of bilirubin, a constituent of 

A. Christensen, Ber. Deut. pharm. Ges., 1910, 26 , 24:9 ; A., i, 51. 

^9 P. Rabe, Ber., 1916, 49, 2753 ; A., i, 216. 

5® P. Rabc and B. Bottclier, ibid., 1917, 50 , 127; A., i, 281. 

A. Kaufmann and P. Haensler, ibid., 702 ; A., i, 472. 

A. Kaufmann, E. Rothlin.and P. Brimnschweiler, ibid., 1916, 49 , 2299 ; 
,^4., I, 50, 

’9 P. Rabe, R. Pastemack,and Tv. ICmdler, ibid., 1917, 50 , 144 ; A., i, 284. 

J. von Braun, ibid., 1916, 49 , 2624; .4., i, 163. 

E. Sc-hmidt, Arch. Pharm., 1917, 255 , 72 ; A., i, 409. 

H. Schulze and A. Liebnex*, ibid., 1916, 254 , 567 ; A., i. 470. 

K. Hess, Ber., 1917, 50 , 368 ; A., i, 349. 

K. Hess and A. Bicbel, ibid., 380 ; A., i, 350. 
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bile. In the j^reseiit year, the chemistry of bilirubin has advanced 
a stage, although it must be confessed that the new work renders 
the problem of the bilirubin constitution even more complicated 
than before. 

Crystalline bilirubin obtained from the gall-stones of the ox has 
hitherto b§en constantly associated with some sulphur compound 
which is difficult to remove ; but a recent research has brought to 
light a method of purification that appears to answer admirably. 
From tlie crude bilirubin, a compound, bilirubin-ammonia, is pro- 
duced by the action oj^ ammonia in dry metli}’! alcohol, and exam- 
ination shows that this new derivative is a mixture of two sub- 
stances, to which the names bilirubiu-ammonia-^4 and bilirubin- 
ammonia-j5 have been given. The *4-siibstance is stable, whilst the 
7i-inodificatiou is unstable. When boiled with chloroform, both 
substances yield a parent bilirubin, and as these are slightly differ- 
ent in properties they are designated as bilirubin-J and bilirubin-if. 
Both of them are free from sulphur, but they contain traces of 
chlorine derived from, the chloroform. Further purification by 
treatment with methyl alccliol and ammonia and a final boiling 
with methyl alcohol results in complete purification. 

In this way, two bilirubins, known as bilirubin-.! .-1 and bili- 
rubin-i95, are obtained, which appear to be isomeric compounds of 
'^he composition 

An investigation of the properties of these two substances shows 
that the .1 -compound is partly converted into the B-modiflcation 
under the influence of ammonia, whilst the reverse change is 
favoured by the presence of chloroform. It is suggested that 
between the .4- and 5-compounds there may exist several other 
(intermediate) bilirubins. 

Those who have followed this intricate subject during the last 
few years and who have watched with increasing scepticism the 
launching of formula after formula, will perhaps feel but little 
enthusiasm in their minds for the latest offspring of this class; but 


— C:CMe 


^CHg-CHj^ISr 

OMe=C(OH)^ 

CMe:C- 


N 

.c:c-ch2-ch.,*co.,h 

C' 

— o*c =c 






nZcH2 

COaH-CHg-OH, ICMe \(OH)=--CMe 

Kiister’s formula for bilirubin. * 


W. Kiister, Zeitsch. physiol. Ghem.^ 1917, 99, 86; A., i, 421. 
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for the sake of historical completeness it may be well to include 
Kiister's recent suggestion in the hope that possibly it may turn 
out- to be a true expression oi tlie structure of this puzzling sub- 
stance. 


Thf A <nid other Flanf Vohnirhirj Alaiiers, 

During the period which falls to be dealt with in the present 
KeiKirt, the ^Tudy of the anthoeyanins has been extensive; but the 
results do not lend themselves to summarisation in 9, readable-form, 
as they are ccncerned less with the constitution of typical sub- 
stances than with an examination of numerous anthoeyanins drawn 
from many different plants. From this wide-ranging investiga- 
tion,^^ however, it is becoming clear that the almost infinite 
diversity of colour and tint exhibited by flowers does not imply 
the existence of an equally diverse series of plant colouring mate- 
rials. Even from the results which have already been established 
it seems reasonable to conclude that throu^iout the flower kingdom 
only comparatively few basal colouriilg materials are distributed; 
and from these simple foundations the infinite variety of floral 
shades and coloitrsis built up by slight alterations in structure, such 
as methylatioii, or by varying the type, number, and mode cf 
attachment of sugar molecules to the chromophoric part of tlfe 
colouring matter. Pelargonidin, cyanidin, and delphinidin seem 
to play a preponderant part in the chemistry of plant colouring 
materials. 

Thus the scarlet-red flowers of Salvia coccinea and S. splendens 
contain an antliocyanin, salvianin, which has been shown to be a 
glucoside of pelargonidin, although it differs from any of the 
hitherto discovered pelargonidin derivatives. The foundation of 
the colour of the winter aster {Chrymnthemeum indicum, L.) is 
found to be a cyanidin monoglucoside, whilst the colour of the 
summer aster (Callistephus CMnensh) is due to the presence of 
pelargonidin. The plum, the cherry, and the sloe owe their tints to 
cyanidin. The pansy is found to contain a delphinidin glucoside, 
termed violanin. Delphinidin is found also, in the form of deriv- 
atives, in petunias. Even the poppy seems to owe its colour to one 
of the previously known basal compounds. 

From this it becomes evident that the study of the plant colour- 
ing materials will not be so difficult in the future as it appeared 
likely to be when the work was begun. Instead of facing an 
infinite variety of individual pigments, the investigator has, in 

_ R. Willstatter, E. K. Bolton, C. L. Burdick, E, H, Zollinger, and F, J. 
WpU, Annalm^ 1916. 412, 113; 4-, i, 42, 
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geiierai, fewer complications to unravel, for at the backbone of tlie 
subject ic seems probable that there stand only a limited number 
of chromcphoric groups which have been pressed into service au<] 
turned to the most varied use? by different plants. 

Some other work in the same branch of the subject must lie 
mentioned. An examination has been made of four typical 
lichens which are used in Ireland for the domestic dyeing of wool 
in yellowish-brown shades. The most interesting fact which lias 
come to light in this work was found in the case of Fannelia 
iUis. This yielded stereocaiilic acid and salazinic acid. The latter 
compound is colourless, yet in spite of this it is the chief dyeing 
constituent, as it acquires a tint on oxidation. 

A synthesis of hydroxyquercetiii has been carried out on the 
lines: of Kostaiiecki’s quercetin synthesis.^’2 

A. W. Stewart. 

H. Ryan and W. il. O’Riordan, Froc, Foij. lyhh Acad.. 1017, 33, 91; 
A., i, 342. 

M. Nierenstein, T., lO^V, 111, 4 ; A., I 140. 



ANALYTICAL CHEMISTRY. 

Tire lutluence ot the war on chemistry in general is reflected in 
the utilitarian character of many of the recent contributions to 
analytical chemistry, which have dealt with methods for the ex- 
amination of industrial by-products or of substances to take the 
]ilace of. those no longer available. This lack of materials has also 
led to the introduction of methods alternative to those involving 
the use of reagents, such as glycerol, methyl alcohol, and acetic 
acid.'^ which are now practically unobtainable, whilst alloys con- 
sisting. in the main, of gold and palladium have been used in place 
of platinum for the manufacture of chemical apparatus.- 

A large proportion of the analytical papers published during 
the past year has been of American origin, and there has been a 
pronounced diminution in the number of European contributions. 
Some of the latter, published in 1916, were not available in time 
for the Annual Report of that year, and are therefore mentioned 
in the present one. 

In connexion with analytical apparatus, mention should also be 
made of a paper dealing with the tests to which porcelain labora- 
tory vessels should be subjected.^ 

Phi/ si cal Mcth ods . 

It was pointed out in last years Report^ that the method now 
in common use of stating the results of viscosity tests in the 
empirical degrees of particular instruments was unsatisfactory, 
however carefully those instruments had been standardised, and 
that to bring the test into line with other physical tests it was 
advisable that all results should be expiessed in terms of absolute 
viscosity. This is especially necessary in the case of new methods, 
or of those in which new types of instruments are used, which have 

1 Compare T. Back, Wieyi. hlin. WocJt., 1917, 30, 465 ; A., ii, 620. 

- See Fahrenwald, J. Ind. Eng. Ghem., 1917, 9, 509. Also Met. Ghent- 
Eng., 1917, 16, 533. 

® H. Watkin, J. Soc. Gkem. Ind., 1917, 36, 749. 

* Ann. Report, 1916, 165. 

1 



ANALYTICAL CHEMISTRY. 


147 


not yet ^beeii subjected to variable conditions of -working. This 
necessity has been recognised by the authors of new methods devised 
during the past year. One of these methods is intended for the 
examination of minute quantities of oil, such as are frequently 
separated in analytical work, for which the ordinaiw standard 
instrument^ are quite unsuitable.^ The apparatus, which is termed 
a '■ mercurial viscometer,’’ consists essentially of a capillary tube, in 
the middle of w’hich is blown a small bulb. The tube has a stop- 
cock at the base and a receiving cap at the top, and is surrounded 
by a "water-jacl^et at the required temperature. The tube is filled 
with mercury, and the oil is introduced into the cajj so that it rests 
on the mercury, and is brought to the definite temijerature. The 
tap is then opened, and the time taken by the mercury in falling 
from a point above to a point below the capillary bulb is recorded. 

The efflux velocity may be converted into Redwood degrees by 
means of the formula 


where f represents the observed time, <1 the density of the oil at 
the temperature of the test, and h a constant, which may be obtained 
by parallel determinations in this and in Redwood’s instrument of 
file efflux velocity of some oil of which larger c^uantities are avail- 
able. The absolute viscosity may also he calculated by means of 
a simple formula, since variations cine to the " head ’’ of so small 
a quantity of oil or to differences in the specific gravity are negli- 
gible; but it is essential to accuracy that the dimensions of the 
capillary bulb tube should be such that the oil does not fall with 
a sinuous motion. 

The standard instruments are also unsuitable for use with very 
viscous fluids, and the absolute viscosity of such lic^uids may be 
more conveniently determined by means of a method based on the 
measurement of the velocity of the fall of a smooth, rigid sphere, 
such as a polished steel ball, through the liquid.® The absolute 
viscosity may be calculated by the application of Stokes's law, 

K 2gR-{s - s') 
qV'- ’ 

where K represents the coefficients of viscosity, V the observed 
velocity of fall, g the gravitational constant, s the density of the 
spherical body, s’ that of the liquid, and B the radius of the sphere. 
Corrections based on data empirically determined must also be 

6 F. M. Lidstone, J. Soc. Ghem. IM., 1917, 36, 270. 

“ S. E. Sheppard, J. Ind. Eng. Ghem,, 1917, 9, 523; A., ii, 359, 
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applied, since Stokes’s law demands that the liquid shall he of 
infinite extent. 

The value of the spectroscopic method of identifying phenols' 
has, in the main, been confirmed, but the method demands the 
most accurate observation, and it is therefore advisable to make a 
graph of the absorption bands shown by various solutions of the 
phenol derivatives. 8 

A physical method** affords the most rapid means of accurately 
estimating the strength of sulphuric acid.^** The heat of dilution 
of the acid with water is measured, a vacuum-jackfted tube-being 
used as calorimeter, and the amount of sulphuric acid is calculated 
by means of the formula 

.r = 100- 7-6 (3-99-1-a^}, 

which is based on the mean volume of acid delivered by the 
pipette, the water ecpiivalent of the calorimeter, and the mean 
results obtained by Pickering. 

All interesting application of a physical phenomenon as an 
indicator in analytical work has be^i iutrocluced .^2 titrating 
lead with ammonium molybdate solution, the colloidal lead 
molybdate suddenly coagulates when the reaction is complete, and 
the end-point may be ascertained more sharply in this way than 
by using tannin as indicator. 


Gas Analysis. 

There has been further discussion as to the relative merits of 
different absorbents for oxygen in gas analysis.^® The use of a 
solution of sodium pyrogalloP^ is admitted to be cheaper and a 
specifically more effective absorption agent than potassium pyro- 
gallol, but these advantages are more than counterbalanced by the 
longer time required for complete absorption of the oxygen, 
Another reagent recommended as a substitute for alkaline pyro- 
gallol is a 10 per cent, solution of hyposulphite of zinc or sodium.^** 

For the estimation of ozone in air, a method has been based 
on the fact that a solution of ammonium ferrous sulphate is 

’ H, Gsell, Zeitsch. anal. Ckem., 1916, 55 , 4-17 ; A., 1916, ii, 584. 

® J. rormanek and J. Knop, ibid., 1917, 56 , 273 ; A., ii, 503. 

® H. D. Richmond and J. E. Merrevwether, Analyst, 1917, 42, 273 ; A., 
ii, 503. 

Compare H. Howard, J. Soc. Chem. Ind., 1910, 29, 3. 

T., 1890, 57 , 64. 

1® J. F. Sacher, Kolloid- Zeitsch., 1916, 19, 276; JL., ii, 180. 

1® See Ann. Report, 1916, 168. 

“ J. W. Shipley, J. Amer, Ghent. Soc., 1916, 38, 1687 ; A., 1916, ii, 571. 

1® R P. Anderson, J. Ind. Eng. Chem., 1916, 8, 999 ; A., ii, 39. 

1® L. Descamps, Bull. Assao. chitn. Suer. Dist., 1916, 34 , 34 ; A., ii, 216. 
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inimediaVely oxidised by ozone, but not by air free from ozone, 
end on the titration of the uiioxidised iron salt by means of 
standard j^ermanganate solution. 

The objection to this method is that it is not specitic for ozone, 
the ferrous salt being oxidised as readily by hydrogen peroxide as 
by' ozone. Similar criticism may be brought against other method^., 
such as those in which the ozone is oxidised by potassium per- 
manganate,!^ Qi^ in which potassium iodide or bromide is used as 
the reageiit.!^ The most trustworthy method of estimating atmo- 
spheric ozone m the presence of nitrogen oxides and hydrogen 
l>eroxide is by the use of a slightly alkaline solution of sodium 
nitrite.-O This is oxidised to nitrate by ozone, whilst nitrogen per- 
oxide yields nitrate and nitrite, and hydrogen peroxide js not 
affected. In making an estimation, two sanij^les of the air are 
taken, one of "which is passed through a tube containing chromic 
acid and manganese dioxide, and the other through a tube con- 
taining chromic acid only. The nitrite solution is then introduced 
into the two bottles, Su’d the amount of nitrite subsequently’ 
estimated colorimetrically. \'he first bottle will contain only 
nitrogen peroxide, and the increase in the quantity of nitrite will 
afford a measure thereof ; in the second bottle, both ozone and 
nitrogen jiieroxide will be present, and the difference between the 
t-wo estimations will be equivalent to the ozone present. 

The method of estimating gasoline vapour in air by combustion 
and condensation with liquid air-! been found to be untrust- 
worthy, the combustion being incomplete when more than 5 or 6 
per cent, of gasoline is present.-^ 

Since colorimetric methods, when trustworthy’',-^ have the 
advantages of speed and sensitiveness, a colorimetric method 
of estimating carbon dioxide in the air appears likely to 
prove a useful addition to tests -which have often to be em- 
ployed at a distance from the laboratory.-^ Tlie principle of 
the process is that when a solution of sodium hydrogen carbonate 
becomes saturated with the carbon dioxide present in a current of 
air, the reaction of the liquid will afford a measure of the relative 
amounts of carbon dioxide and sodium hydrogen carbonate, whilst 

David, Compt. rend., 1917, 164 , 430; A., ii, 216. 

E. H. Keiser and L. McMaster, Amer. Ghem. J., 1908, 39, 96. 

Compare W. Hayhurst and J. N. Pring, T., 1910, 97 , 868. 

F. L. Usher and B. S. Rao, ibid., 1917, 111 , 799; .4., ii, 502. 

G. A. Burrell and I. W. Robertson, J. Ind. Eng. Ghem., 1916, 7, 112; 
A., 1915, ii, 184. 

R. P. Anderson, ibid., 1917, 9, 142; A., li, 338, 

6. 23 Compare W. M. Dehn, J. Amer. Ghem. Soc., 1917, 39 , 1392 ; A., ii, 499. 
2* H. L. Higgins and W. M. Marriott, ibid., 68 ; A., ii, 270, 
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ilie proportion of carbon dioxide absorbed is a fnncticjn of its 
partial pressure in the particular air and is not affected by tlie 
volume of air -wl'icii passes tlirouuh tlie licjuid after the latter bas 
l.eeii sal lira ted with carbon dioxide. 

In applying tlie test, the air ir> passed through a standard solu- 
tion of sodium hydrogen carbonate containing a suitable indicator, 
such as phenolsulphonejihthalein.-"’ until no further change of 
colour appears, and the colour is then compared with those of 
standard solutions of potassium hydrogen phosphate and disodinm 
hydrogen phosphate prepared to correspond with- air containing 
known quantities of carbon dioxide. 

A method of estimating ga^es of the argon group has been based 
on the fact that, unlike nitrogen and other gases, they are not 
absorbed by metallic calcium heated to dull redness (450° to 550°).-*' 
Argon may thus be directly se23arated from air, but in the case 
of ga'^eous mixtures, a 2 >i‘eliminary separation of such gases as 
carhon monoxide, carbon dioxide, and methane is advisable. 


..-1 ciricvltural A nalysis. 

There have been few additions during the past year to analytical 
2 >roc€sses as applied to agriculture, although several well-know^i 
methods have been studied and modifications of them devised with 
a view to obviate possible errors. 

For example, in the estimation of nitrates in soil by the phenol- 
dibul 2 >honic acid method,-" it has been found that the colour of the 
reaction mixture is affected by light, and that the comparison must 
tlierefore be made as ra 2 iidly as 2 ^ossible. The loss of nitrates 
caused by the presence of chlorides and sulphates may be pre- 
vented by adding a small excess of calcium hydroxide before the 
evaporation and flooding the residue with a large excess of the 
reagent. By the use of this modification, no loss of nitrates need 
be feared if potassium alum, which is the most efficient flocculating 
agent, be used for treating the soil solution.^s 

Ammonia may be accurately estimated by slowly distilling a 
mixture of the soil with magnesium oxide and water under 
diminished pressure, and finally passing a current of ammonia-free 
air through the flask. The distillate is collected in standard 

Conqiare H. A. Lubs and S. F. Acree, J. Amei\ Cheni. Soc., 1916, 38, 
2772 ; A., li, 97. 

A. Sieverts and R. Brandt, Zeitich. angew. Chem., 1916, 29, 402 ; A., 
ii, 103. 

G. W. Davis, J. Ind. Eyig. Chem., 1917, 9, 290 ; A., ii, 329. 

8©e Water Analysis, p. 169. 
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sulphuriq acidj wliich is subsequently titrated with standard alkali, 
Congo-red being used as indicator. In addition to ammonia, 
volatile amines and bases will also distil, but the ammonia may 
be separated by precipitation as ammonium magnesium j>hosphate 
and^'^distillation of the precipitate with sodium hydroxide. It has 
been found, however, that the amounts of amines and volatile 
bases distilling with the ammonia, either from soils or liquid 
manures, are practically negligible.-® 

In the estimation of nitrogen in soils by the Gunning method, 
the addition of a small ^.mount of copper wire during the digestion 
causes the subsequent distillation to proceed more regularly, whilst 
the results will then agree closely with those obtained by Kjeldahl's 
method.^® 

The method of estimating organic carbon by combustion with 
copper oxide frequently gives higher results than the wet method, 
in which potassium dichromate and sulphuric acid are used for 
the combustion. This does not necessarily prove that the former 
method is the more accurate, for it has been found that in the 
case of soils which contain cal5ite included within quartz grains, the 
combustion with copper oxide causes liberation of carbon dioxide 
from the calcite.®^ 

^ A convenient apparatus has been devised for the rapid estima- 
tion of carbon dioxide from the carbonates in soil. The flask in 
which the soil is treated with hydrochloric acid is connected with 
a mercury manometer, and the pressure of the gas acts on a float, 
the movements of which are mechanically recorded. The rate of 
evolution of the carbon dioxide thus affords an index of the nature 
of the carbonates in the soil.®- 

Further attention has been given to the question of the solu- 
bility of phosphates iu acids.®® It has been found that certain 
organic acids dissolve more phosphoric acid from superphosphates 
than from mineral phosphates. The high solubility of phosphoric 
acid in citric acid solutions is due to the formation of a complex 
citrophosphate in combination with aluminium and ferric iron, 
and it is probable that similar complex compounds are formed in 
the case of other organic acids, such as formic and acetic acids.®^ 

Both tricalcium and dicalcium phosphates are soluble in 2 per 

2® W. I. Baragiola and O. Schuppli, Landw. Versuchs-Stat., 1917, 90, 
123 ; A., ii, 380. 

W. L, Latshaw, J. Ind. Eng. Chem.y 1916, 8, 1127 ; A., ii, 100. 

E. C. Shorey and W. H. Fry, ibid., 1917, 9, 688 ; A., ii, 422. 

G. Hutin, Ann. Ghim. anal., 1917, 22, 158; A., ii, 341. 

See Ann. Report, 1916, 170. 

A. Aita, Ann. Ghim. Applicata, 1917, 9, 200- 
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cent, citric acid solution, and hence this reagent cannot be used to 
differentiate between the two phosphates, as commonly accepted. 
This affords a further reason against the use of the citric acid 
method of estimating phosphoric acid.®^ 

The Pemberton method of estimating phosphoric acid by pre- 
cipitation as phosphomolybdate gives trustworthy results provided 
that the precipitation is made with not too old- a reagent and 
between 30^^ and 40°. In applying the method to acid phosphates, 
it is advisable to make a parallel estimation on a standard phos- 
phate rock, adding the same amount of sulphuric acid, after solu- 
tion in nitric acid, as was used in the case of the sample.*"*^ 

Onjanic Anahjsh. 

Qualitative . — The principal addition, during the past year, to 
the methods of identifying organic compounds has been based on 
the properties of the various crystalline derivatives formed by the 
interaction of p-nitrobenzyl bromide and alkali salts of organic 
acids. These esters have definite melTng points and differ in their 
solubility in alcohol, and so may be used for distinguishing between 
the different acids in a mixture.^’' By this means, it has been 
found possible to identify benzoic acid in presence of acetic, tartaric, 
citric, salicylic, and ;p-toluenesulphonic acids, but the method is 
less suitable for the identification of aliphatic acids, many of which 
yield oily instead of crystalline derivatives.^^ In some cases, the 
use of 2 >nitrobeiizyl chloride or iodide is preferable, the iodide, for 
instance, yielding with dibasic acids very insoluble esters, from 
which the unaltered iodide can readily be separated. 

A modification of the method may be used for the identification 
of alcohols. The alcohol is heated with phthalic anhydride, and 
the sodium salt of the resulting acid ester is converted by means 
of p-nitrobenzyl bromide into the corresponding mixed phthalic 
ester, which in many cases has a distinctive melting point. 

Phenols also may be identified in a similar manner by the 
characteristics of the ethers obtained by the interaction of the 
potassium or sodium phenoxide and p-nitrobenzyl bromide.^i 

A new method of identifying the fatty acids in a fat is based 
on the hydrolysis of glycerides by heating them in a sealed tube 

A. A. Rara.say, J. Agric. Sci., 1917, 8, 277 ; A.> ii, 413. 

P. M. Shuey, J. Ind. Eng. Chem., 1917, 9, 367 ; A., ii, 269. 

E. E. Reid, J. Amer. Chem. Soc., 1917, 39, 24 ; A,, i, 333. 

** E- Lyons and E. E. Reid, ibid., 1727 ; A., i, 559. 

J. A. Lyman and E. E. Reid, ibid., 701 ; A., i, 334. 

E. E. Reid, ibid., 1249 ; A., i, 455. 

E. E. Reid, ibid., 304 ; A., i, 333. 
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with an aromatic aminej such as aniline or a-iiaphthylamine, the 
resulting amides having distinctive melting and boiling points 
under diminished pressure. The decomposition is not quantitative, 
but is approximately proportional to the amounts of fatty acids 
present. 

Another new group-reaction has been based on the formation of 
azomethines by the condensation of aromatic aldehydes with 
sulphonated aromatic amino-compounds. Many of these azo- 
methines have characteristic colours, which may be used for the 
identification of* ** the aldehydes.^^ 

A general method for the detection of aldehydes, ketones, and 
phenols in essential oils depends on the fact that these compounds, 
unlike alcohols and hydrocarbons, give distinctive colorations with 
sodium arsenotungstate or arsenotungstomolybdate.^^ 

Turning to the reactions of individual substances, it will be 
found that a few new tests have been devised, and the sensitive- 
ness of some of the older tests has been ascertained. For the 
detection of hydrocyanic afid,^^ the guaiacol, or Schbnbeiii- 
Pagenstecher's method, is the most sensitive reaction, being cap- 
able of detecting O’ 00001 per cent, of cyanogen, but it is not specific, 
and for general purposes the Prussian blue test is the mo'it trust- 
'worthy, although under certain conditions the thiocyanate test 
may he useful. The picric acid test is less sensitive than any of 
these tests, and has also the drawback that similar colorations are 
obtained with reducing substances, such as siigir and sulphur 
dioxide,^*® 

Both citric and malonic acids are oxidised by an acetic acid 
solution of potassium permanganate to acetone, which may be 
identified by the iodoform test. Citric acid may then he dis- 
tinguished from malonic acid by yielding a crystalline barium 
citrate.^’' 

A solution of titanic acid in sulphnric acid affords a means of 
distinguishing between the two naphthols, a-naphthol giving a 
bright green and /3-naphthol a blood-red coloration. 

Besorcinol may be detected by the green coloration which it 
gives with a solution of cohalt chloride followed by concentrated 
ammonia and alcohol. Under similar conditions, catechol and 

*2 E. de’Conno, Gazzetla, 1917, 47, i, 93: A., i. 3S6. 

P. Pooth. Schweiz. Apotli. Zeif., 1916, 54, 377 ; .4,, ii, 52. 

** L. Guglialmelli, Anal. Soc. Qidw. Argentina, 1917, 5, 1 1 : A., li, 514. 

See Ann. Rej^ort, 1916, 173. 

G. W. Anderson, J. Soc. Cltem. Ind., 1917, 36, 195 ; A., ii, 183. 

T. C. N. Broeksmit, Pharm. Weehblad, 1917, 54, 686 : A., ii, 429. 

G. Denigfes, Ami. Chim. anal., 1916, 21, 343 ; A., ii, 48. 
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pyiogaliol give a broiMi coloiation, whilst a solution of phenol 
lemams colourless^® 

A new leaction toi //-galactose has been desciibed This sugai. 
vlien heated with o-tolylhydrazine, yields an o-tolylhydrazone 
('m p 17'3°b wheiea'; no coiTesponchiig liydrazone is foimed by 
.u'ab:no'-e, xylose, ihamnose dextio^e. mannose or Isevulobe 

QntnifJ(it> •'! — As the micro-balance lequiied for Piegl s method 
oi )mcro-combu=:tion i*; now unobtainable a modification of the 
uiethod has been devised, in which laigei quantities of mateiial 
(11 to 22 milligiam^) aie weighed with an'oidinaiV balance The 
] cicking of the oombnsnon tube has al-o been modified whilst ?oda- 
hnie in a tube with a ground-iu ]o*nt leplace:- the potash absorption 
bulb A ' blank * estimation ^houid be made unciei paialiel con- 
ditions to obtain the correctio i +*o'' the hydiogen results wh.ch 
aie somenmes 0 1 to 0 15 pei cein too high With this collection 
the lemks agiee we'1 with tho‘-e obtained by the oidinaiy methocb 
ot combustion 

Foi the rapid estimation ot haloge^is ni oiganic compounds, the 
"Ubstance fu->ed with a mixture ot sodium peroxide, potassium 
nitiate and po'iuleied benzoic acid or suciose fto ensuie uniform 
kision'i The oxidised mixtuie is tieated with excess of silver 
nitrate piioi to acidification with nitric acid, and the excess ct 
silver titrated Hydrazine sulphate is added to the hot solution 
containing the piecipitated haloid to lediice any halogen oxy-acidt 
which may have been formed 

A tiu&twoithy method of estimating «ilvei in oiganic compounds 
has been ba^ed on the interaction of alkali cyanides and silvei 
salts and precipitation of the silvei in the metallic form or as 
sulphide from the argenticyamde solution 

In the oidinary method of estimating mercury in organic com- 
pounds by combustion with quicklime, the distilled mercury is 
frequently contaminated with tarry mattei This may be obviated 
by mixing the mercury compound with dry calcium sulphate and 
excess of quicklime, and distilling the niercniy in the usual w'ay 
111 estimating ethyl alcohol by Dupre’s method,^® the preliminary 

P C Kicu-kop? and <. Ritioi J A)nn Cln>n. For 1916. 38 2182; 
■i .. 48 

A W van d(-i Haar J?tr t'a> chin 1917 37 108 , -1 ii olo 
’ F Xb.leilialil-n, FTaudbuot' d« i Hi )fhpin Arheitsmetbcden ’ [n] 5 
1.107 

L E tv -P, / i-,rer ^hcm b'oc 1917 39 20o.> J ii 5-il 

'■’Jr LemiD and H G Brodeison ibiJ , 2(»69 , 4 . n n.S9 

H <T Lacas aiid A R Kemp, zbiif 2074- .4 , n j42 

T C ilaisli end O G Lve, A,wlij-^t 1917 42, S+ , A i> 219 

■” A, Duine Jointi Chem Soc lSb7, 20, 495 
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separation of the alcohol is often not quantitative. Better results 
may be obtained by removing the alcohol by means of a current of 
air, absorbing it in concentrated sulphuric acid, oxidising the mix- 
ture with potassium dichromate solution, and distilling the acetic 
acid. Acetaldeh^'de and ethyl acetate also yield acetic acid on 
oxidation, whilst methyl alcohol is oxidised to carbon dioxide and 
water, but acetone is only slightly oxidised.^' 

The most satisfactory means of estimating water iu alcohol is to 
determine the specific gravity of the liquid before and after 
dehydration with potassium carbonate.^® The percentage of alcohol 
may then be obtained by reference to a curve. 

A new method of estimating butyric acid mixtures containing 
also formic acid and acetic acid depends on the solubility of 
quinine butyrate and the insolubility of quinine formate and 
acetate in carbon tetrachloride. Quinine butyrate may be 
identified by its melting point, 77‘o^.^° 

A large amount of experimental work has been done in con- 
nexion with Duclaux's method of estimating volatile fatty acids 
by distillation in a current or steam and various applications of 
the method have been tested. Experiments with mixtures of pure 
propionic, butyric, valeric, and hexoic acids have sbown that the 
values obtained under the specific conditions previously deter- 
mined®- may be regarded as trustworthy. When only two acids 
are present, the amount of each may be obtained from the results 
of the distillation, and the ratio between them calculated for each 
fraction. In the absence of other acids, there should be a fairly 
close agreement between the ratios, and the mean ratio will give 
an indication of the molecular proportion.®^ By a slight modifi- 
cation, the method may be used for the estimation of butyric acid 
in acetic anhydride and for testing the i>urity of substituted 
malonic acids. 

In one modification of the method, the volume of the aqueous 
solution is kept at a constant volume of 150 c.c. Under such con- 
ditions, the results, when plotted on a logarithmic chart, form a 
straight line in the case of a single acid, hut a curve when a mix- 

57 A. W. Dox and A. R. Lamb, J. Ame>-. Chem. fioc.. 1910, 38, 2561; A., 
ii. 47. 

58 Compare E. MalHukrodt and A. D. Alt, J. Ind, Enq. Chem., 1910, 8. 
807 ; A., 1916, ii, 583. 

58 R. L. Perkins. ihuL, 1917, 9, 52 ; A , li, 393. 

58 J. K. Phelps and H. E. Palmer, J. Biol. Chem., 1917, 29. 1 90 ; A., ii, 278* 

51 E. Duclaux, Ann. Inst. Pasteur, 1895, 9, 265; A., 1896, ii, 504. 

52 H. D. Richmond, Analijst, 1908, 33, 305 ; A., 1908, ii. 495, 75-1. 

53 H. D. Richmond, ibid., 1917, 42, 125 ; A., i, 316. 

5* H. D. Richmond, ibid., 133 ; A., ii, 277, 
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ture of acids is present, and the probable composition and 
approximate proportion of these acids may be found by reference 
to the chart.®” 

The method has been subjected to criticism on the ground that 
by the use of Duclaux’s constants, practically identical results may 
be calculated for mixtures of totally different proportions of 
acids;®® but in reply to this criticism, experiments hsve been cited 
to show that the figures are quite trustworthy when based on 
results obtained with pure acids, although not more than three 
acids can be satisfactorily estimated in the same fraction. If 
four or more acids are present, it is essential to sej^arate the liquid 
into fractions containing three acids. The main essential is that 
the distillation should always be made in a uniform manner.®® 

It is a general, although incorrect assumption, that in estiiii- 
atiiig phenol in tar acids, the fraction distilling up to about 200° 
contains the whole of the phenol.®® It is possible, however, by the 
addition of a suitable pro^mrtion of o-cresol to jjrepare a mixture 
which will yield the whole of its phenol ‘n the first fractions of 
the distillate.'® By determining • ne crystallisation points of 
successive fractious distilled from a tar oil and reference to a table, 
the proportion of phenol may he estimated with sufficient accuracy 
for commercial purposes.^i For more accurate work, however, it is 
necessary to distil the purified sample under standard conditions 
and to redistil the united lower fractious, so as to obtain a final 
fraction distilling up to 197°. From the specific gravity and 
crystallisation point of this fraction, the percentage of phenol may 
1)6 obtained by reference to standard curves.^2 

A colorimetric method of estimating minute quantities of aniline 
has been based on a comparison of the coloration given by the 
solution on treatment with standard solutions of calcium hypo- 
chlorite and sodium hydroxide with the colorations obtained under 
the same conditions with standards containing up to 0‘07 milli- 
gram of aniline. The method is accurate within about 0'003 
jnilligram.'® 

“5 D. C. Dyer, J. BioL Ghcm., 1917, 28, 44o ; A., ii. 157. 

F. W. Upson, H. M. Plum, and J. E. Schott, J. Amer. Chem. Soc., 1917, 
39, 731 ; *4., ii, 277. 67 a, Lamb, ibid., 746 ; A., ii, 277. 

L. J. Gille-spie and E. H. Walters, ibid., 2027 ; A., ii, 549, 

Compare R. Masse and H. Leronx, Go7ripf. rend., 1916, 163, 361 ; A., 
1916, ii, 650. 

70 J, J. Fox and M. F. Barker, J. Soc. Chem. Tnd., 1917, 36, 842; A , 
ii, 513. 

B-. Masse and H. Leroux, BuU. Soc. chini., 1917, [iv], 21, 2, 

’3 J. M. Weiss and C. R. Downs, J. Ind. E,iq. Chem., 1917, 9, 569 ; A., 
ii, 428. 

E. Elvove, ibid., 953 ; A., ii, 584. 
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Tlie iiietliod nf estimating nitrotoliienes by rechicLion with 
i>tannoiis chloride, Xollovs’ed by the addition of alkaline tartrate 
and titration with iodine, is not altogether trustworthy, especially 
when alcohol has to be used to dissolve the compound. Better 
results may be obtained by omitting the treatment with alkaline 
tartrate and titrating the excess of stannous chloride with an acid 
solution of iodine. The results are usually about 96 per cent, 
below the theoretical amounts."'^ 

A few’ new methods of analysing fats have been introduced. 
Glycerides may be fractionally separated by dissolving the fat in 
tw’o or more solvents, such as alcohol and ether, one of which is 
more volatile and has a greater solvent action than the other. 
Then, by aspirating air through the solution, gradual evaporation 
accompanied by a considerable reduction of temperature takes 
place, and the glycerides may be successively removed as they 
separate in the order of their insolubility. Similar fractions are 
combined and subjected to further fractionation. By this means, 
the mixed glycerides, oleodistearin and dioleopalmitin, have been 
isolated from tallow’. The m^|thod■is also applicable to the detec- 
tion of beef and mutton fat in butter fat, the latter yielding a 
very much smaller amount of insoluble glycerides than butter fab 
containing 20 per cent, of tallow."^ 

The calorimetric method of measuring the thermal values of 
oils"® has been extended to the determination of the Maumene 
value, and it has been shown that the values thus obtained under 
standard conditions w’ith typical oils stand in close relationship to 
the iodine values."'^ 

An analytical method based on catalytic hydrogenation has been 
devised for the detection of rape oil in olive oil. An ethereal 
solution of the more nnsaturated fatty acids, separated by the 
lead-ether method, is hydrogenated in the presence of finely divided 
palladium, and the resulting product is fractionally crystallised 
from alcohol. In the iDresence of rape oil, behenic acid, formed 
by the hydrogenation of the original erueic acid, wdll be obtained, 
and may be identified by its melting point and sparing solubility 
in alcohol.''® 

The oxidisability value of oils affords a means of determining 

« E. de W. S. Colver and E. B. R. Prideaux, J. Soc. Chetn. I ml., 1917, 
36, 480 ; A., ii, 512. 

A. Seidenberg, J. Ind. Eng. Chem., 1917, 9 , 855 ; A., i, 626. 

See Ann. Report, 1916, 180. 

J. W. Harden and (Miss) M, V. Dover, J. Ind. Eng. Cliem., 1917, 9 , 858. 

R. Biazzo and S. Vigdorcik, Ann. Ghini. Applicata, 1916, 6, 185. 

See Ann. Report, 1916, ISO. 
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ilie suitability of oils and fats for medicinal purposes. In the case 
o( fresh fats, this value should not exceed 10, hut castor oil, even 
when old and having a high acid value, contains only small amounts 
of volatile aldehydic and ketonic compounds, and therefore shows 
low oxidisal)ility values.^” 

Heference may also he made to a siniplitied volumetric method 
of analysing sulphonated oils, the results obtained being in close 
agreement with those given by the usual gravimetric method.'^^ 

For the estimation of ^ucrose, dextrose, leevulose. and maltose in 
admixture, methods based solely on the cupric reducing power 
may give erroneous results, owing to eimric oxide dissolving in the 
hot alkaline solution."- In such cases, the method of oxidising the 
sugars by means of bromine"' is more trustworthy. Bromine 
oxidises dextrose and maltose quantitatively at the normal tempera- 
ture, whilst Iseviilose is only oxidised to a limited extent. When 
dextrose is the only other sugar present, laevulose may be directly 
e>timated by the bromine oxidation method. The results thus 
obtained in the analysis of honey and j^im are sufficiently trust- 
worthy for commercial purposes, although the method is less 
accurate than the more tedious method of enzymic hydrolysis.^^ 
In other cases, the method may be conveniently used in conjunc- 
tion with determinations of the cujiric reducing power and optical 
rotation. 

A sensitive method of detecting and estimating Isevulose in the 
presence of dextrose has been based on boiling Isevulose with a 
0-2 per cent, solution of orcein and 85 per cent, phosphoric acid, a 
yellow coloration being produced. This is matched with the colora- 
tions obtained under the same conditions with standard solutions 
of Isevulose. When applied qualitatively, the test is capable of 
detecting Isevulose in 1 c.c. of a 0'08 per cent, solution.^s 

Free and combined galactose may be estimated by a modifica- 
tion of Creydt’s method, 86 in which the solution is oxidised with 
nitric acid and the resulting mucic acid separated and weighed. 
Tables showing the corresponding quantities of galactose have been 
constructed. 87 

For the estimation of aldose sugars, a new method has been 

G. Issogho, Ann, Chhn. Applicaia, 1917, 7, 187. 

R. Hart, J. Ind. Eng. Clicm., 1917, 9 , SoO. 

(Miss) E. G. Wilson and W. R. G. Atkins, Biocliam. J., 1916, 10 504 ■ 
A., 1916, li, 652, 

E. C, Kendall, Anabjst^ 1912, 37 , 205 ; A., 1912, ii, 393. 

W. R. G. Atkins, ibid., 1917, 42, 12 ; A., li, 157. 

L. Loewe, Proc. Soc. Exp. Biol. Med., 1917, 12 , 71 ; A., ii, 49, 

Creydt, Biss., Erlangen, 1888. 

A W. van der Haar, Cheni. WeeJcblad, 1916, 13, 1204. 
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babed on their quantitative oxidation by iueau= o: a 'Oluiiou d 
iodine in sodium carbonate -olution, ilie exce-" ’nen.ii. .titen-vv-ard' 
titrated vritii ihio-iiipliate. The method has the drawback that 
other siibstaiiceb besideb aido-e sugars vviil reduce liypoiodite 
bolutiou.-^ 

In estimating sugarb in the presence of gum arabic. the latter 
may be more completely precipitated by a mixture of alcohol with 
basic lead acetate than by basic lead acetate alone, but, even then, 
the presence of gum in the hitrate interferes with the polarimetrie 
estimation of im"ert-sugar.si> 

In a method of estimating gliitose, the uon-fermentable sugar 
in cane molasses, the pentoses are first destroyed by fermenting 
the dilute acidified solution for three days with a bottom-fermenta- 
tion yeast, and determining the reducing power of the clarified 
fermented liquid. For this purpose, the reducing power of glutose 
is taken as half that of invert -sugar. 

For the polarimetrie estimation of starch in the presence of other 
optically active substance*5, advantage has been taken of the fact 
that lead tannate will precipi^te starch, even after gelatinisation 
by heat. The amount of starch may be calculated from the 
results of the polarisation before and after the precipitation. 

A new method for the direct estimation of starch has also been 
described, in which the starch is dissolved in calcium chloride solu- 
tion and precipitated with iodine, the starch-iodide being then 
decomposed with alcohol and the starch weighed. 

Several modifications of the methods of estimating alkaloids have 
been published. The inaccuracies of the ordinary methods of 
estimating theobromine are obviated by precipitating the alkaloid 
as the silver compound, estimating the nitrogen in the precipitate 
by Kjeldahl’s method, and calculating the amount of theobromine 
from the result. The presence of even considerable quantities of 
cajQFeine does not interfere with the estimation.®® 

A trustworthy method of estimating morphine has been based 
on its quantitative oxidation in a dilute sulphuric acid solution by 
means of iodic acid, tvro molecules of the alkaloid absorbing three 
atoms of oxygen. Other alkaloids, including codeine and narcotine, 

J. Bougault, Compt. rend., 1917, 164, 1008; A., ii, 395. 

G. Savini, Arvn. Chim. Applicata, 1916, 6, 250. 

H. Pellet, Arm. Chun, anal , 1917, 22, 43 ; A., ii, 223. 

C. Baximann and J. Grossfeld, Zeitsch. Nahr. Gennssm., 1917, 33, 97 ; 
A., ii, 223. 

T. von Fellenberg, Mitt. Lebenamittelunters. Hyg., 1916, 7, 369 ; A., 
ii, 342. 

®s Mrs. N. Radford and G. Brewer, Analyst, 1917, 42, 274 ; A., ii, 519. 
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also absorb oxygen, so that the method is unsiiitable i‘or the 
estimation of morphine in opium.®-^ 

Attention has been directed to the possibility of errors in the 
colorimetric method of estimating creatine and creatinine, owing 
to the presence of impurities in the picric acid. Much of the com- 
mercial picric acid now sold gives colorations with sodium hydr- 
oxide, and is quite unsuitable for the purpose of this" estimation/'-’ 


Inorganic A7ialijsis. 

Qualitaiicc . — A modification of Penfieid's test" for wafer may 
be used for the detection of carbon in minerals and other sub- 
stances. The finely divided substance is mixed with lead chromate, 
which must be free from carbon, and the mixture is heated in a 
horizontal, narrow glass tube, one end of which is closed, whilst 
near the open end there is a bulb containing a clear solution of 
liarium hj-droxide. In the presence of as little as O' 003 milli- 
gram of carbon, a white film will be produced on the surface of 
the reagent, Another delicate test for carbon is to heat the sub- 
srance -with a large excess of potassium azide, which in the presence 
of carbon will produce potassium cyanide, easily recognisable by 
the Prussian-blue test- The reaction is rendered more sensitive 
by adding metallic potassium to the mixture.^^ 

The method of detecting phosphorus by the reduction of its 
compounds to phosphorus hydride by means of zinc and hydro- 
chloric acid is slow, but under the best conditions is capable of 
detecting 0'0025 gram of phosphorus in the form of hypophosphite. 
The reduction should be effected at about 55°, the gas absorbed 
by means of silver nitrate solutiou, and the precipitate again 
reduced. The coloration of the phosphorus flame may be recog- 
nised as distinctly by the unaided eye as by the use of the spectro- 
scope.®® 

Traces of manganese may be detected even in the presence of 
other metals by the rose-red coloration which they give when 
treated in slightly alkaline solution with an alkali oxalate, followed 
by acetic acid.®® 

The value of the hydrogen peroxide test for copper^ has been 

J. N. Rakshit, J. Soc. Chem. lad., 1917, 36 , 989 ; A., li, f)53. 

O. Foliii and E. A. Doisy, J. Biol. Chem., 1917, 28, 349 ,* A., ii, 159, 

W. G. Mixter and E. L. Haigh, J. Amer. Ghem. Soc., 1917, 39, 374 
A., ii, 267. 

E. Muller, J. pr. Chem., 1917, [ii], 95 , 53 ; A., ii, 269. 

H. J. Lemkes, J. Pharm. Ghim., 1917, 15, 177. 

V. Maori, Boll. chim. farm., 1917, 56 , 377 ; A., ii, 511. 

^ Compare J. Sperber, Schweiz. Apoth. Zeit, 1915, 53 , 717 ; A., 1916, ii, 314. 
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MHjfiuiied. rtii'i It l-'is htvr ImUIiU lliu tlu .-vi.i.tive.u o’’ 
icactioii *i- iucrea'^ed ny tht* atlditi.'U ot ^odintn i.ydrogei. 
carbonate.- The violet color<t.iiou proaitced when hydrcgen per- 
oxide is treated with tartaric acid and a terroii- salt and then 
with an alkali hydroxide, is due to the rorniatioii of a ferric coin- 
pound of hydroxytartaric acid. It is not a trustworthy reaction 
for tartaric ‘acid, but under certain condiiioiK may be ti-ed as a 
sensitive test for hydrogen peroxide.” 

A delicate test for gallium has been based on the insoliibiUty 
of gallium ferrccj-aiiide in dilute hydrochloric acid and the relative 
solubility of the metals which are usually separated with gallium. 
For the separation of gallium from aluminium, before applying 
this test, the mixed chlorides may be treated uith ether, in which 
gallium chloride is soluble.'* 

For the detection of germanium and its separation from arsenic, 
the zinc oxide or other substance under examination is distilled 
with concentrated hydrochloric acid, to w'hich potassium perman- 
ganate has been added j:o prevent reduction of arsenic sulphide 
and distillation of arsenic. -Jii the presence of O'OOOl gram of 
germanium, the distillate will give a while precipitate with 
hydrogen sulphide.® 

The difference between the respective solubilities of the fluorides 
of calcium, barium, and strontium affords a rapid and fairly delicate 
means of detecting calcium in the presence of the other metals. 
On adding a solution of barium fluoride to 10 c.c. of a solution 
containing as little as 0*003 gram of calcium chloride, a distinct 
turbidity is at once produced, even in the presence of seven times 
the quantity of strontium chloride and one hundred times the 
quantity of barium chloride." 

In using palladium chloride as a test for iodides, it is necessary 
to take into account the fact that thiocyanates, ferrocyanides, and 
ferricyanides interfere with the reaction. The addition of an 
excess of the reagent and boiling the liquid tend to check the 
interference.^ 

- F. Mayer and W. H. Sehramm, Zeitsch. anal. Chem., 1917, 56, 129 ; A., 
ii, 334. 3 F. Mayer and W. H. Schramm, loc. cit. 

* P. E. Browning and L, E, Porter, .4/fter. J.Sci.^ 1917, [ivl, 44, 221 ; A., 
ii, 544. 

® Compare G. H. Buchanan, J. Ind. Eng. Chem., 1910, 8, 585 ; *4., 1016, 
ii, 486. 

® P. E. Browning and S. E. Scott, Anier. J. Set., 1917, [iv], 44, 313 ; A., 
ii, 546. 

’’ Z. Karaoglanow, Zeitsch. anal. Chem., 1917, 56. 138; A., ii, 333. 

* L. J. Curtman and B. R. Harris, J. Amer. Chem. Soc., 1917, 39, 266; 
A., ii, 267. 
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Many alkaloids form insoluble perchlorates, and so may be used 
lor ihe detection of the perchloric ion. For example, strychnine, 
brucine, and morphine yield perchlorates which may be recognised 
under the microscope by their crystalline form. Of the three 
alkaloids, strychnine sulphate is the most sensitive reagent, being 
capable of detecting the perchloric ion in a O' 1 per cent, solution. ^ 
QiKintitativc. — Among other criticisms against ‘the use of 
potassium dichromate as a standard for volumetric methods,i° it 
has been asserted that liberation of iodine may occur in the course 
of the oxidation of the potassium iodide solution, nrobably owing 
to the formation of an intermediate iodochromate, jLCr 03 K. Such 
a source of error, if unavoidable, would render the method untrust- 
worthy, hut experiments have shown that, in the case of dilute 
solutions, at all events, there is no risk of the formation of this 
com pound. 

Oxalic acid, when purified by recrystallisation, is one of the most 
suitable standards for alkalimetry.^^ The most accurate method of 
using it is to titrate its solution with alkah until the neutralisation 
point is nearly reached, then to add sufficient calcium chloride to 
precipitate the whole of the oxalic amd, and after the addition of 
methyl-orange, to complete the titration. Ammonia may be 
titrated in the same way, preferably after the addition of boric 
acid to prevent loss by evajDoration.^® 

The use of yellow mercuric oxide has also many advantages as 
an original standard, since it is readily obtained in a pure 
anhydrous condition and is not hygroscopic. When treated with 
a solution of potassium iodide, it yields a ji guantitv-o f 

potassium hydroxide, and this is titrated with the acid to be 
standardised, using methyl-orange, methyl-red, or pheuolphthalein 
as indicator.^* 

Alkalimetric methods of estimating phosphoric acids and alkali 
phosphates in admixture usually give only approximately correct 
results, but by maintaining the solution at 55° during each of the 
titrations, it is possible to estimate any of the alkali phosphates 
in a mixture with an accuracy within 0'5 per cent.^® 

In many cases methyl-red (^dimethylaminoazobenzene-o-carb- 
oxylic acid) may advantageously replace methyl-orange as an 

® G. Denig^s, Ann. Chim. anal,, 1917, 22, 127 ; A., ii, 345, 419. 

Compare Ann. 1916, 183. 

“ G. Bruhns, J, pr. Cimn., 1917, [iij, 95 , 37 ; A., ii, 266, 

“ G. Bruhns, ibid., 1916, [ii], 93 , 73, 312 j A., 1916, ii, 337, 681. 

G. Bruhns, Ghem. Zeit., 1917, 41 , 189 ; A., ii, 270. 

G. Incze, Zeitsck. anal. Ghem., 1917, 56 , 177; A., ii, 327. 

J. H. Smith, J. Soc. Ghem. Ind., 1917, 36 , 415; A., ii, 330, 
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iiidiofitorj ^ince it i? more sensitive lo Lviiro^er. li -Ikav- 

diarji end-points \vitl> oxalic ncid, jdiim * bjinier-. i, nl 
is imsiiittible for -ulplnte-. ^Vit’K carl-on.^te' and snipliide-, it : tl- 
duce? iiUennediaie culordtious, and ihe tucat.on rnu-l K- lu'o 
tiiiued until a briglil pink tint is obtained^" 

For the estimation of lime and magnesia in limestone, and lor 
the analysis of aminoniurn salts, thymolplithalein has been found 
a useful indicator, owing to its not being sensiti'-e to ot 

alkali, even in boiling solutions, 

Further af)2^b«ations differential iodoiiietrie methods have been 
described. For the estimation of available oxygen in commercial 
permanganate and other oxidised forms of manganese which con- 
tain small amounts or iron, advantage i- taken of the fact that 
ferric iron reacts so slowly with pora—iuiu iodide in phosphoric 
acid solution that it is ijos&ible by regulating the acidity of the 
solution to estimate iodometrically the available oxygen before the 
ferric iron reacts with the iodide. The same principle may be 
used for the iodometric Nitration of chromic acid in the presence 
of ferric iron.-'j In the case «if oxidised manganese ores contain- 
ing a large proportion of ferric iron, this method is not trust- 
\vorthy, but a suitable differential method of estimating the avail- 
able oxygen has been based on the facts that on treating fiiielv 
ground pyrolusite with hydrochloric acid and potassium iodide, 
liberation of iodine takes place; that ferric chloride in acid solu- 
tion also liberates iodine, and that ferrous chloride is immediately' 
oxidised by excess of iodine. 21 In another method of analysing 
jiyrolusite, the iinely divided samjile is treated with potassium 
iodide, sodium phosphate, water, and phosphoric acid, and the 
liberated iodine titrated after about an hour. 2- On the whole, 
however, the ferrous sulphate and direct iodometric methods give 
the most trustworthy results iu the evaluation of pyrolusite. 2 '" 

The red coloration which is sometimes produced in the iodo- 
metric titration of hydrogen sulphide is jn-ohably due to hydro- 
lysis of the starch indicator to erythrodextrin. ISTo effective means 

F. Lehmann and G. Wolff, Arch. Pharm., 1917, 255, 113 ; -^1., 
ii, 326. 

J. Moir, J. Ghem. Met. and 2Iin. Soc. S. Africa, 1917, 17, 129; A., 
ii, 38G. 

Compare Ann. Report, 1916, 185. 

O. L. Barnebey and W. C. Hawes, J. Amer. Oheitt. Soc., 1917, 39 , 607 ; 
A., ii, 274. 

O. L. Barnebey, ibid., 604 ; A., ii, 274. 

O. L. Barnebey and G. M. Bishop, ibid., 1235 ; .4., ii, 390. 

=2 E. Rupp, Arch. Pharm., 1916, 254 , 135 ; A., ii, 390. 

2 ® O. L. Barnebey, J. Ind. Eng. Ghem., 1917, 9 , 961 ; A., il, 581. 
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itiinin 

Foi ii'f- II' (‘-inii..i fii' ol fr.dii .uiii 11' tilt ]>ie'-tMi.e ol 

/lii‘ il < d "01.1 6 llrll ''low -ilCtllOcl Is' to lClilO\& l,ll 6 

/iPL- 'j\ c^^ ^nlphaie The -olution coii1.aiiiing tlie 

<a^Iihia'u !•= ll'eii iiea^ei i\-ih hyaio^lTiouc acid ?nrl exce^b ct 
.\ iiMGuine ,.n<\ tlie le’iiariirg .odire litiatea wiili thiosulphate-' 

In e'-ti'iiat.Pi, ■’■.j^giie-iuin by Srolba « u.ethod oi titiating the 
pieciunate oi iiiajne-iiiin amiuonuim plic-phate Vvitli liydiocliloi ic 
ac cl I 1" e-'ential that the -oluiion ■'held he Meutial anid that 
,he an n'&n.a -licu.d he acideu aiiei the phu-phate «oliitiou The 
lO'Ji'atioii ot the 'la’t iJji PO, ib pi evented V keeping the >-0111- 
tioii iii-t ahtaline uui.ng the piecipitatioii and that of the b^ilt 
2 ttg(XIPh(P 04)2 hy aioicl.ng an exce-^" of ainmoiauin salt-' Foi 
the aiMiiate e-timation of niagiie«iiini hy piecipitation a: 
aiiur&niuiii nii?nesinin aisenate and lodoi-ietiic titiation of the 
juecipit.i^e, s eciai ine?ainiou5 aie also necebsaiy Thus a laige 
extCb'' OI ^o-iium aisenate iiiu< be used f«i the piecipitation, whilst 
diiiirg the titiatiou or the hoeiat d iodine the solution must be 
kept decidedly ac.a to pi event a leterse action taking place The 
solution must aho be fieed horn ammoniuni balt=:-' 

In another volumetiic method the raagiiesium is coiiveited into 
ma£:iie=!iiini oxalate Ly meavs of oxaLc acid, the excesc of wh.ch i' 
ntiated with alkali boluhon 

The volumetiic e-tiiuatior of chioaiiimi in leiiochiome by the 
-odium thiosulphate and potassium dicliioinate methods is iiioie 
accxiifte than by the peimaiiganate method With the lattei. it 
13 nece^saiy to tise the empiiical value 0 3165 for chiomiimi instead 
of the theoietical value 0 310 ~ 

A tiiibtwoithy method of estimating molybdenum has been based 
on it-i reduction to by means of hydrochloric acid and 

amalgamated zinc, the reduced boiution being received in a vessel 
containing a chilled solution of iodine chloride in hvdiochloiic acid 
and Tinated with standard potassroni lodate solution This lapidlv 
oxidiseb the molybdenum to Mo,0-, the furthei oxidation to IMoO, 
being negligible pioiided that caie be taken to exclude cliiect 
'bunlight 


A T? Jiiy<!on and R E Oonper 7 7,.<7 En'i Chc,y> 1017 9 07"), -1 . 

E J Eiiesoii '’hnl 671 .4 ii, 424. 
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'• X Bus%-old, Chehi Zeit . 1917 41 42. A , a 21 S 
W Hern It: Stnhl n E/SPii 1916.36 o46 ; .4 , ii, 104 
G S Jamieson, J Af^p, C hei/K iSoc , 1917 39, 240 , A , ii, 2To 
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Auolii^r volumetric method, particularly applicable lo the 
estimation ox molybdenum in steel, is to reduce the acidihed filtrate 
from the iron with standard titanous chloride solution, the excess 
of which is then titrated with t>tandard ferric chloride. If the 
solution does not contain more than about 0 no gram per litre of 
molybdenum and more than about 1 per cent, of hydrochloric 
acid, the oxide AIoOj is quantitatively reduced to INIo^O-. In like 
manner, the vanadium oxide V^O- i- reduced to 

The principal source of error in the e.-tiination of silica i'= the 
solution of the •jmecipitftte in hydrochloric acid, the amount dh- 
solved varying with the proportion and strencth of the acid, the 
temperature, and the time of contact. The mo-t satisfactory 
method of dehydrating silica is to heat it for ihijty minute- at 
120° to 150°, and boiling the jirecipiiate for three minutes with 
60 per cent, hydrochloric acid usually gives as pure a silica as is 
obtained by longer boiling or the use of more concentrated acid.'^i 
The low results obtained in ceitaiii cases in the estimation of 
nitrogen by Kjeldahl's nfetliod when mercury is added during the 
acid treatment is due to tAe formation of mercury ammonium 
comiDouuds, which are not subsequently decomposed. This source 
of error may be obviated by using potassium arsenite to decompose 
these compounds.'^'^ Eor the estimation of nitrogen in nitrate^ and 
nitrites, the solution may be distilled with magnesium chloride 
solution and a finely divided alloy of copper and inagneMum, 
and the distillate collected in standard acid, the excess of which 
is titrated as in Kjeldahl’s methcd.^-^ 

Under ordinary conditions, the precipitation of platinum 
sulphide is incomplete, owing to the formation of a stable colloidal 
solution, but by the addition of magnesium chloride, the hydrosol 
is converted into an iusoliihle hydrogel. A method of estimating 
platinum has been based on this fact, and gives results in close 
agreement with those obtained by electrolytic niethods.'^^ 

A rapid method of separating iron from lead has been based 
on the insolubility of basic ferric nitrate, which is formed on 
evaporating the mixed salts with nitric acid and heating the resi- 
due at 100°.3C 

For the separation of iron from aluminium, advantage may he 

Travers, Gompt. rend., 1917, 165 , 362; A., ii, oto. 

F. G. Hawley, JGnff. and Jl/n. J., 1917, 103 , “>41 ; ii. 332. 

Compare Ann. ’Report, 1916, 187. 

E. Justin -Mueller, Bull. Sei. Phanmtcoh, 1916, 23, 167 ; .1., u. 39. 

T. Arnd, Zeitsch. angeio. Chem., 1917, 30 , i, 109 ; -1., li, 604. 

Y". X. Ivanov, J. Russ. Rhys. Chem. Soc., 1916, 48 , 627 ; H., ii, 164. 

J. F. Sacher, Chem. Zeit., 1917, 41 , 24-5 ; .4., ii, 245. 
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taken or the fact that ferric chloride is soluble in ether^ whereas 
hydrated aiuminiiini chloride is insoluble in that solvent.^” 

The blue coloracioii formed when cobalt aminoniiini thiocyanate 
dissolves in amyl alcohol has long been known as a sensitive test 
for cobalt in nickel salts. It may also be used as a quantitative 
colorimetric method under speciiied conditions as to thje concentra- 
tion of the solutions, whilst by the addition of sodium pyrophos- 
phate the formation of ferric thiocyanate is prevented, and no 
dltralion is required.^'’ 

When hydrogen peroxide acts on a cobalt salt in* the pres'euce of 
ammonium chloride and ammonia, it forms a cobaltic ammonium 
^ali which can be precipitated by ammonium molybdate, whereas 
nickel nnder the same conditions remains in the protoxide condi- 
tion and is not precipitated by ammoniiira molybdate. On these 
facts, a new method of separating cobalt and nickel has been based. 
The presence of inolybdate in the filtrate does not interfere with 
the precipitation of nickel by the dimethylglyoxime method.®^ 

A satisfactory separation of nickel froih copper may be effected 
by means of dimethylglyoxime, th/ solution being treated with 
sufficient potassium sodium tartrate to keep the copper in solution 
when the liquid is rendered alkaline for the precipitation of the 
nickel.^^’ 

Various discordant statements have been published as to the 
solubility of calcium carbonate in water. The discrepancy is due 
to the slow dissociation of the carbonate by boiling water, with the 
loss of carbon dioxide. This dissociation and solution may be pre- 
vented by the addition of a small amount of sodium carbonate, 
and advantage may be taken of this in estimating calcium in the 
form of carbonate. The precipitated carbonate is washed with 
boiling water containing a trace of sodium carbonate, is then dis- 
solved in standard hydrochloric acid, and the excess of acid titrated 
with standard alkali hydroxide solution. The error due to sodium 
carbonate retained by the precipitate is negligible.^! 


El ec( roch tin itul ..i mdi/sis . 

The electrometric method of ascertaining the end-points of reac- 
tions in volumetric analysis, which has been shown to give good 

S. Palkin, J. Jnd. Enf/. ('hem., 1917, 9. 9,}i ; M., ii. aSl. 

A. D. Powell, ,/, Soc. Chem. Tiid., 1917, 36, 273 ; A., ii, 22u. 

A, Carnot, Co?njif. eeml , 1917. 164, 897; A., ii, 391. ’ ‘ ' 

H. Grossmann and J, Mannheim, Zeitich. angeiv. Chcm., 1917 30 
i, loO ,• H,, ii, 512, ’ ’ 

A. Cavazzi, Gazzctta, 1917, 47, li, 19; A., ii, 532. 
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results ia the estimation of vanadates^- and of vanadium and 
chromium in steel, }ias now been utilised for other estimations. 
For example, in the titration of 2inc with potassium ferrocyanide. 
advantage is taken of the difference of the F.J/.F. of a platinum 
electrode when immersed in a solution of potassium ferrocyanide 
and in a solution of a zinc salt. The two electrodes (one of 
platinum wire and the other of calomel) are placed in the hot solu- 
tion of the zinc salt, which is then titrated with the ferrocyanide 
solution until the pointer of the galvanometer, which, during the 
titration, has Bteen slowly deflected from zero in one direction, 
swings sharply in the other direction on the addition of one drojj 
in excess of the reagent. If more than a trace of cadmium i^ 
present, it must be removed prior to the titration.^-^ 

The method may also be used for the estimation of certain 
bivalent metals in solutions of their sulphates. Barium hydroxide 
is preferable to sodium hydroxide for the titration, since it shows 
a much sharper end-point. Accurate results are thus obtained in 
the estimation of copper,* nickel, and cobalt, and the method may 
also be used for estimating mkgnesium in the presence of calcium, 
but is not applicable to cadmium, w'hich appears to form a basic 
hydroxysulphate 

Several methods have been devised in which substitutes are pro- 
vided for platinum electrodes. For example, tin may be estimated 
in a Hydrochloric acid solution of its salts by the use of a copper 
cathode and graphite anode,^^ whilst a copper cathode and an anode 
of passive iron may be used for the estimation and separation of 
zinc and cadmium. 

Platinum electrodes may also be replaced by silvered glass basins, 
a thill strip of platinum foil being bent over the edge of the basin 
to make the contact with the metal coating. Basins thus prepared 
may be used for the electrolytic estimation of copper, cadmium, 
zinc, nickel, and cobalt. After use, the coating is removed with 
nitric acid, and the basins resilvered 

Another device to economise platinum lias been adopted in a 
method of estimating manganese, which is deposited as manganese 
dioxide, from a solution of manganous sulphate, in which is 

G. L. Kelley and J. B. Conant, J. Amer. Qhem., Soc. 1916, 38 , 341 ; 
A., 1916, ii, 274. 

G. L. Kelley and J. B. Conant, ibid., 719 ; A., 1916, ii, 640. 

** F. R, von Bichowsky, J, Washington Acad. Scl., 1917, 7 , 141 ; A., li, 219. 

H. S. Harned, J. Amer. Chem. Soc., 1917, 34 , 252 ; A., ii, 272. 

T. Batuecas, Anal. Fis. Quim., 1916, 14 , 495 ; A., ii, 106. 

J. de Guzmdn Carrancio and P. Pooh, ibid., 1917, 15 , 235 ; A., ii, 509. 

“ J. Gewecke, Chem. ZeiU, 1917, 41 , 297; A., ii, 334. 
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immersed a rotating anode of platinised glass. This is- prepared 
bv coating a tube of lead glass with a glycerol emulsion of chloro- 
platinic acid and heating the glass until it softens. The manganese 
dioxide is converted into manganous sulphate, which is dried at 
450^, and weighed as the anhydrous salt."^® 

An electrolj’tic method for the evaluation of iron -sulphide has 
been based on its decomposition with hydrochloric acid and zinc, 
ami absorption of the evolved hydrogen sulphide in a solution of 
cadmium chloride. The iDrecipitate is dissolved in hydrochloric 
acid, the cadmium precijDitated by sodium '•-hydroxitle, the cadmium 
hydroxide dissolved in potassium cyanide solution, and the cadmium 
electrolytically estimated. The amount of sulphur corresponding 
with the cadmium thus separated is about O'o per cent, too low.^o 

IVc/ter A7/alf/si'<. 

For the removal of nitrites, the i^reseiice of which renders 
Winkler's method of estimating oxygeiS in water untrustworthy, 
various methods have been suggeste^.^s To these may be added a 
method of treating the water with concentrated carbamide solution 
and dilute sulphuric acid, the use of weaker solutions of the reagent 
causing the results to be too high. The trustworthiness pf 
Winkler’s method is increased by using sodium hydrogen carbonate 
for the conversion of the manganous hydroxide into manganous 
carbonate.^® 

Winkler’s method of estimating carbon dioxide in water by 
titration with sodium carbonate solution has been shown to be 
untrustworthy," and its author has therefore recalculated the 
correction which must be applied to the results. 56 Precipitation of 
dissolved carbon dioxide or alkali hydrogen carbonate by means of 
barium hydroxide and titration of the excess of precipitant gives 
inaccurate results, owing to the precipitate containing occluded 
barium hydroxide. In the absence of magnesium salts, however, 
more trustworthy results may be obtained by titrating both liquid 
and precipitate together, using phenolphthalein as indicator.57 

F. A, Gooch and M. Kobayashi, Amer. J. ScL, 1917, [iv], 44, 53 ; A., 
ii, 4-25. 

H. Williams, News, 1917, 116 , 13 ; A., ii, 425. 

SI L. W. Winkler, Zeiisch. anal. Ghem., 1914, 53 , 665; A. 1915 ii -^77 

Ann. Report, 116, 191. 

H. Noll, Zeitsch. angew, Ghem., 1917, 30 , i, 105 ; A., ii, 502. 

L. W. Winkler, ibid., 1914, 53 , 746 ; A., 1915, ii, 281. 

^ Tillmans and O. Heublein, Zeitsch, Nahr. Oenussm., 1917, 33 , 281 ; 

Winkler, ibid., 1917, 33 , 443 ; A., ii, 423! 
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Ilie pu’seiire ol caibuii dioxi'ie in oxot*'- oi L’,"^ jj.-nt.- per iniiiion 
remlers llie re?^ulis obtained 1>v Biaidicr in'^llioO of e=tiinaiini 4 
]!archie,^s in 'vvnter nntrusLwnrtiiy, but Hie amount may be readily 
reduced below iliat iimil by aspiration. .Sodinni chloride in rpaanti- 
tie? up to 2000 parts per million lias no apjireciable influence on 
the results. It is essential, however, especially when the water 
contains botli calcium and magnesium salts, that in the final titra- 
tion the end-point should be taken when the pheiiolphthaleiu 
becomes intense pink, and not at the first sign of coloration.''* For 
ascertaining the true neutralisation point of water, the use of 
methyl-red with a-naphtholphthalein gives more sensitive results 
than the mixture of methyl-orange and phenolplithalein ordinarily 
used as indicator. As little as O'l part of sulphuric acid or O' 2 part 
of calcium hydroxide in 100,000 parts oi water may thus be 
detected.®^ 

The accuracy of the usual method ox titrating chlorine in water 
is increased by using a definite, proportion of chromate solution 
(0‘7 to 1 c.c. per 100 c.c of water) as indicator. The jiresence of 
free acids, iron salts, or phosphates renders the method less sensitive, 
but borax has no influence on t-ne results.^i 

An indirect method of estimating strontium gives trustworthy 
results provided that great care is taken to ensure the purity of 
t£e precipitates by reprecipitation. The weighed mixture of pure 
oxalates of calcium and strontium is dissolved in sulphuric acid, 
the solution titrated with standard permanganate solution, and 
the proportion of strontium calculated from the results. Lithium 
also may be indirectly estimated by dissolving the mixed weighed 
chlorides of potassium, sodium, and lithium in water, and estim- 
ating the potassium and total chlorine in aliquot portions of the 
solution. From these results, the data are obtained for calculating 
the amount of lithium.^’’^ 

The colorimetric method of estimating nitrates by means of 
phenoldisulphoiiic acid is rapid, but involves several possible sources 
of error. For example, if chlorides are present, the addition of 
sulphuric acid to the dry residue produces heat, which causes 
chlorine and nitric acid to be liberated. This may be prevented 
by adding the sulphuric acid prior to evaporation of the mixture 
to a small residue, but not to dryness. It is preferable that the 

58 C. Blacker, P. Griinberg, and M. Kissa, Chem. Zeit., 1913, 37, od ; *4., 
1913, ii, 153. 

5 9 A. S. Behrman, Philippine J. Sci., 191G, 11, [A], 291 ; A., ii, 542. 

59 J. Moir, J. Chem. Met. and Min. Soc. S. Africa^ 1917, 17, 129 ; A., ii, 386. 

91 I. M. Kolthoff, Pharm. Weehhlad, 1917, 54, 612 ; A., ii, 379. 

99 S. D. Averitfc, J. Ind. Eng. Chem., 1917, 9, 584 ; A., ii, 423. 
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temi^eratiire during the evaporation should not exceed 70°, and if 
the proportion of chlorine is very high, evaporation under 
diniinished pressure is advisable. It is also essential for accurate 
result^ that the proportion of nitrates to reagent should fall within 
definite liinits.^^ In the case of waters rich in magnesium salts, a 
turbidity due to niagnesiuin hydroxide is produced on neutralising 
the acid liquid. The addition of ammonium chloride will prevent 
this precipitation, but if iron is also present, the neutralised liquid 
jiiust be filtered before making the colour comparison,®'* A simple 
method of removing nitric acid from sulphuric acid^ for usedn this 
test is to siiake the acid with mercury in a Lungers nitrometer. 

C. Ainsworth Mitchell. 

W. F. Gericke, J. lad. Eng. Chem., 1917, 9, 585 ; A., ii, 421. 

M. S. Xichoh, ibid., 1917, 9, 1S6 ; A., ii, 421. 

' H. D. Steeiibergen, Chem. WeeWad, 1917, 14, 647 ; A., ii, 421. 



PHYSIOLOGICAL CHEHISTPY. 


Peogress during the past year seems to have been made chiefly on 
certain special lines. I have dealt with some of these rather 
fully, and have therefore groii2>ed my remarks under comiiaratlvely 
few headings. 


The Alkaline Reserve of the Body. 

The myriad chemical reactions which in the living bod}’ together 
constitute ‘ metabolism ' can progress normally only when certain 
general conditions are steadily maintained. Normality of tempera- 
ture, osmotic pressure, and hydrion concentration in the fluids and 
tissues is essential to the normality of metabolism as a whole, and 
the permissible range of variation is surprisingly small, especially in 
the case of the factor last mentioned. The existence of mechanisms 
to secure, automatically, a fine adjustment in hydrion concentration 
is a striking characteristic of the physiological machine. To our 
knowledge of these physiological and chemical mechanisms the work 
of the last few years has brought new and satisfactory precision. 
The acquirement of this on the physiological side may be said to 
have begim when it was shown how exceedingly sensitive is the 
respiratory centre to changes of carbon dioxide tension, ^ or, as very 
soon became clear, to any change in hydrion concentration.^ With 
even the most minute increase in this there is stimulation of tlie 
centre with a consequent increased elimination of carbon dioxide 
through the lungs, and so an automatic return towards the normal. 
If, however, the lungs, as controlled by the respiratory centre, were 
solely responsible for the regulation, the animal could certainly not 
display the relatively equable rhythm of respiration which is charac- 
teristic of normal life. Tlie sensitiveness of the kidney epithelium 
to fluctuations in provides a second physiological regulatory 
mechanism which is constantly in action. The organ promptly 
excretes hydrions "when they are in excess. Associated wfith the 

1 J. S. Haldane and J. G. Priestley, J. P;! 2 /s?oZ., 1905, 32, 225 ; A., 1905, 
ii, 400. 

- C. Lunsgaard, Biochem. J., 1912, 41, 247. 
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|i]iysi(»I<igical inecliani^nis are cliemical means for regulation, ami 
these, ill noinial cirfiimsta iu‘e>. are ^u^^u■iellt to spare llie former 
from IiaNiiig to <leai witli more than minor iluotuatioiis. The Imfter 
salth oi liie hlood and the possibility of certain metabolic readjust- 
ments form a first line of defence against gross changes of reaction. 
Our knowledge with regard to these lias recenth^ gained greatly in 
clearness largely mving to the work of L. J. Henderson ^ and to the 
researches which his writings have stimulated. The chemical deter- 
minants of hydrioii equilibrium in the blood are the carbonates^ the 
phosphates, and the proteins contained in it.^ Henderson has -made 
It clear that of these the carbonates play by far the most important 
part ; in the plasnui; indeed, almost an exclusive part An aqueoii^^ 
solution of about 0T2A-sodium hydrogen carbonate exposed to a 
proper tension of carbon dioxide will, in respect to the changes in 
C-^ produced by adding varying amounts of acid, serve as a simple 
model of the plasma.^ A determination in the plasma of the ratio 
ILCOjj NaHCOg may, as TIasselbalcli ^ has shown, give even a better 
measure of the than any obtained by the gas-chain method. 

Intimately related to the actual hydrion concentration, but requir- 
ing separate consideration, is the ‘‘ alkaline reserve of the blood 
and tissues. Any appreciable change in the former only occurs in 
the blood under conditions of extreme abnormality, but two indi- 
viduals displaying at any moment a normal blood reaction, and both'" 
therefore free from the symptoms which follow on a disturbance in 
that reaction, may yet be in very different metabolic positions. In 
one the alkaline reserve may be untouched and normal; in the 
other it may be near exhaustion and the individual in danger. 

Free carbonic acid is present in the body ffiiids in such concen- 
tration that it automatically converts into bicarbonate all bases not 
bound by other acids. The hicarhonate therefore re^rt'esents the 
€,rce&s of hase which is left after all the non-volatile acids have been 
neutralised, and is available for the immediate neutralisation of 
further acids. In this sense it constitutes the alkoline reserve 
of the body. The bicarbonate concentration of the blood is repre- 
sentative of that of tlie body fluids in general, and is normally main- 
tained at a definite level. Entrance of free acids reduces it to an 
extent proportional to the amount of the invading acid.” It is 
found that plasma obtained by drawing blood from a vein of the 
arm contains at 37° and normal carbon dioxide tension approxi- 
mately 60 vols. per cent, of carbon dioxide bound as bicarbonate. 

3 Compare J. Biol. Ckem.. 1911, 9 , 403 ; A., 1911, ii, 752. Ergebn. Physiol. 
1909,8,254. 

* K. A. Hasselbalch, Biochem. Zeitsch., 1916, 78 , 112 ; A., i,490. 

^ Not of the blood, as implied by Michaelis (“ Die Wasserstofflonen- 
Koncentratioir, Berlin, 1914). 
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This means that-, with the average tension in arterial blood 
(42 mm.), the ratio of unbound to bound carbon dioxide 
NaHCO 3 ) = l/20. If abnormal quantities of acid enter the blood, 
the organism is able, until a large part of its bicarbonate reserve 
has become exhausted, to maintain by accelerated respiration the 
above rat jo at it^ normal value. The C\, being, as we have seen, 
proportional to this ratio, also remains normal. 

It is clear that quantitative knowledge concerning the available 
bicarbonates is desirable botli in physiology and patliology. Imjtor- 
tant Contribui*ions to the technique of e^tinlations and a iiujuber of 
valuable data have been published during the year from the Rocke- 
feller Institute for Medical Research in a series of ] tapers by D. I), 
van Slyke and his co-workers. In a prelmiiiiaiy papei.' fiom winch 
1 have already cpioted, the considerations briefly sketched above are 
fully and clearly dealt with. Yarious inetliods which have hitiierto 
been used for the detection of acidosis are reviewed and shown to 
be essentially means, sometimes rough or approximate, for the esti- 
mation of bicarbonates hlucli experimental work is also described 
dealing tvith points wliicli i^eeded investigation before the method 
described in the second paper" could he critically applied to the 
problem. In this method a siieeial form of apparatus is used which 
permits of an estimation of bound and unbound carbon dioxide 
on very small quantities of blood, such as can be withdrawn without 
inconvenience from human subject'^:. The apparatus is essentially 
simple, and its description is likely to stimulate in the immediate 
future valuable work from the hands of many observers. Illustrat- 
ing the present tendency in biochemistry to strive after accurate 
micro-analytical methods is th“ further description of a modification 
of the apparatus which measures within one voltmie per cent, the 
small amount of carbon dioxide (0*1 — 0*15 c.c.) contained in 0*2 c.c. 
of blood plasma, a quantity which can be obtained on pricking the 
finger. Technical points -which arise in connexion with the use ef 
either form of apparatus are fully discussed, and tables are sujj- 
plied which simplify the calculations. 

The ideal method for determining the alkaline reserve is to esti- 
mate the bicarbonate in arterial blood when exposed to the ])arti- 
cidar tension of carbon dioxide actually existing in the vessels of 
tlie subject or patient, as measured, for instance, by the alveolar 
tension in his lungs. In routine work it is sufficient to use the 
easier experimental conditions offered by the use of venous blijf>d 
previously exposed (in apparatus described in the paper) to tlie 

6 D. D. van Slyke and G. E. Cullen, J. Biol. Chem.. 1917. 30 , 2^9 ; J., 
i, 521. 

^ D. D. van Slyke, ibid., 30 , 347 ; A., ii, 422. 
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iioniial mean tension. Tlie results are eqiially definite in their 
significance. 

The third 2>aper ® in the series under review deals with the electro- 
metric titration of plasma as a method of measuring its alkaline 
reserve. This can lie carried out on much smaller c^uaiitities of blood 
tlian ordinary titration would require, and gives niiich sharper end- 
points. The well-known g'as-chain method with calomel cells tvas 
used, every precantion being taken to secure the highest gi'ade of 
accuracy, A definite amount of standard acid was added to a 
measiu’erl volume of plasma on the assumption thaj} the restiltant 
chancro in f 'jj vcill be greater the less the alkaline reserve. Since the 
initial reaction of all plasmas is practically constant, and since, as 
direct observations showed, the curve of titration got by adding 
successive amounts of acid is almost a straight line, the claim is 
made that it is possible to construct a curve from one determina- 
tion, and from it to determine the amoiuit of acid required to bring 
the plasma to am’ desired reaction. To obtain comparable results 
it is necessary to bring all samples to a --definite carbon dioxide 
content. Two procedures were adopted : the plasma was either 
first shaken with a known volume of air and an equal volume of 
*V /50-liydrochloric acid then added, or of acid sufficient to liberate 
all the carbon dioxide from the carbonate (two volumes of iT/SO) 
was first added and tbe carbon dioxide tben removed. In each case*" 
the acidified plasma -was transferred to a Clark electrode and the 
resultant determined. The results obtained by the two methods 
were, of course, not identical, but they were found to run parallel 
under varying conditions. Experiment showed that the hydrogen 
e.xponent (Sorensen) of plasma when mixed with 1 volume of N /50- 
acid becomes, in the case of normal human blood, 7’00. When two 
volumes of A ''50-acid are added it becomes 5’6. These are average 
figures, certain fluctuations occurring during the day. In extreme 
cases of diminished alkaline reserve exponents were obtained as low 
as 5‘7 after the addition of one volume of acid, and of about 4’ 8 
after adding two volumes. 

The renal mechanism is. as I have already pointed out, continu- 
ously concerned with the adjustment of f\r in the blood. It is of 
great interest, tlierefore, to know how far quantitative relations 
can be sho^vn to exist between the production of acid in metabolism 
and the rate of excretion of hydrogen ions, or, in other terms, 
between the existing alkaline re.serve and the contemporary excre- 
tion of acid. 

In last year’s Report the formula of Ambard and Weil was 
briefly discussed. This empirical formula professes to relate the 

® G. B. Cullen, J. Biol. Ghem., 1917, 30 , 369 ; A., i, 521. 
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con cent j’afcion of substances in the circulation with thair concentra- 
tion in the urine and with the rate of their elimination. With some 
reservations it may be said to hold satisfactorily in the case of urea 
and chlorides. Does it obtain in the case of acids ? In the fourtJi 
paper ^ of the series under review we are given experimental evi- 
dence which suggests that it does. 

Ambard a nd Weil's formula mav be put in the form C'^=:ky 
jDj where <7^ is the concentration of the substance in the 

blood above the excretion threshold, C'^its concentration in the 
urine,' and D W:ie late Qi its excretion; ami n- is the bodv weight. 

Before any attempt to decide as to how far acid excretion follow^ 
this lav;, certain considerations must be borne in mind. In the hrst 
place a great part of whatever acid is produced in metabolism in 
excess of available mineral bases is neutralised by ammonia. In the 
second place it must be noted that C’’ in the above equation refers 
to concentration in excess of a certain threshold value, and in the 
case of acid we need some definition for this value. Experiments 
show that the acidity »£ urine titrated (by Polin's method) with 
plienolphthalein as indicatoii, approaches zero when the concentra- 
tion of the blood bicarbonate corresponds with SO volumes per cent, 
of carbon dioxide. In these circumstances the excretion of am- 
monia also approaches zero. 

In applying Ambard's formula to the excretion of acid, hJ was 
therefore made to represent the rate of excretion of A; 10-acid, plus 
ammonia, for 'a twenty-four hour time unit, and (7" became the 
number of c.c. of A/ 10-acid, plus ammonia, per litre of urine. On 
the assumption that acid accumulation in the blood is proportional 
to the fall in carbon dioxide below 80 vols. per cent., the relation 
between the blood accumulation and acid excretion becomes : 

Retained acid =: 80 — observed CO .2 of plasma = 

constant x s/DJ iv . k/ 

The constant proved to be unity, so we have : 

Plasma COo capacity —^0 — \fD j w (7 ". 

It should be imderstood that the formula, although suggested by 
the researches of Ambard and Weil, is wholly empirical, and was 
employed solely because no other expression fitted the experimental 
results so well. The margin of error found, when results calcu- 
lated from the formula were compared with direct determinations 
of the carbon dioxide bound in plasma, %vas about 10 volumes per 
cent. Of thirteen observations made on normal individuals, some 
of whom were given bicarbonate by the mouth, eight showed an 
error of less than four volumes per cent. The average of the deter- 

® R. Fitz and D. D. van Slyke, J. Biol. Ckem., 1917, 30, 389, A., i, 522. 
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miliations was 71 ‘3 c.c. of carbon dioxide per 100 c.c. plasma, tlie 
average of the calculated results was 71-6. 

In a fifth paper tigures are given for the quantitative relation 
which obtains between the alveolar carbon dioxide tension and the 
co-existiiig plasma bicarbonate. The former was determined by 
Fredericia's modification of Haldane s method, and the latter by 
van Slyke’s method as described above. The range of plasma 
carbon dioxide was found to be between 53 and 75 c.c. bound as 
bicarbonate. Geltler and Baker,” using essentially the same 
method, found the range in thirty individuajs to be between 56 and 
73 c.c. The extreme lange for noimal adults may now be looked 
on as established, being from 53 to 78 c.c. The ratio — plasma 
CO,;' mm alveolar CO, — varies from 1*27 to I'SO, the average value 
being about Ih. Approximate information as to the existing alka- 
line reserve may be obtained therefore by multiplying the observed 
alveolar tension by the latter figure. The variations must not be 
forgotten, however. It has been foiind that digestive activity 
causes a rise in alveolar carbon dioxide tension, and the fact has 
been explained on the one haiid^^ as l>eing due to an increase in the 
reserve alkali of the blood, caused by the secretion of hydrochloric 
acid in the gastric juice; on the other haiid,^^ as a change in the 
irritability of the respiratory centre. The occurrence of this rise is^ 
confirmed in the present research, and the experiments described 
favour on the whole the latter explanation. 

The main purpose of the series of researches just discussed was 
to make it possible to determine the relationship of the blood bicar- 
bonate as directly estimated to that estimated indirectly from the 
excretions of the lungs and kidneys. The sixth and last paper 
describes the application of the various methods to a number of 
eases of diabetes. The indications given by the methods were thus 
compared, whilst data were obtained as to the relationship of plasma 
bicarbonate deficiency to the clinical severity of acidosis. In twenty- 
one cases the alveolar tension of carbon dioxide, the bicarbonate 
of the whole blood and of the plasma, the hydrogen-ion concentra- 
tion, and the index of acid excretion were all determined. Curves 
are given in the paper which show the variation in these factors 
from day to day. On the whole, the curves are remarkably parallel. 
The alveolar tension in diabetic patients under treatment is, how- 

D. D. van Slyke, E. Stillman, and G E Cullen, J. Biol. Chein., 1917, 30 
401 ; .4., i, 523. 

^ A. O. Gettler and W. Baker, ibid., 1916, 25, 211 ; A., 1916, i, 576. 

H. Erdt, Deutsch. Arab. Klin. Med., 1915, 47, 497. 

“ H. L. Higgins, Amer. J. Physiol., 1914, 24, 114 ; A., 1914, i, 613. 

1* E. Stillman, D. D. van Slyke, G. E. Cullen, and R. Fitz, J. Biol Chem., 
1917, 30, 406 : A., i, 523. 



PHYSIOLOGICAL CHEMISTRY. 


177 


ever, often mucli too low to indicate the true level of the blood 
bicarbonate, although in severe acidosis this discrepancy disappear?. 
On the other hand, the consistent agreement of the figures for 
plasma carbon dioxide directly determined and those calculated 
above from the index of acid excretion by the kidney is striking, 
and certainly very interesting. Only when bicarbonate is being 
given by tlie mouth or when the acidosis is very severe, does this 
agreement fail. Of the two indirect measures of alkaline reserve 
that given by the lungs appears to be more trustworthy when tlie 
reserve is very, low and coma threatened, whilst that given by tlie 
kidney is to be jitefen'ed in the more common intermediate stages. 
The results point to the following relations between the degree of 
acidosis and the bound carbon dioxide in 100 c.c, of the plasma : 
normal adult, 77 — 53; mild acidosi'?. 53 — 40: moderate acido'=is. 
40 — 30; severe acidosis with definite ^ymptoms of acid intoxication, 
below 30. The lowest volume of plasma carbon dioxide recorded in 
wliich recovery occurred is 16. It may be noted that, as pointed 
out in the first paper of the sene'?, there is at present confusion in tlie 
literature with respect to the teim acido''is. Different author-? rega i-d 
acidosis as " acid intoxication." as a condition in which acetone 
substances are formed, or as an actual increase in the hydrogen- 
ion concentration in the blood. It i?? here defined as a condition 
*in which the concentration of bicarbonate in the blood is reduce-1 
below the normal level. In cases where Cjj is actually increased, the 
term “ uncompensated acidosis ” has already been employed. It is 
now proposed to speak of “compensated acidosis” when, despite 
decreased bicarbonate, the respiratory mechanism succeefls in keep- 
ing the ratio H^COg/ XaHCO., and therefore the Cjj, within normal 
limits. 

A special form of apparatus for gas analysis also applicable to 
the determination on small amounts of material of the free and 
combined carbon dioxide in blood or serum has been described b}- 
Y. Henderson and W. H. Morriss.^^ Their paper contains values 
obtained from the blood of patients in the gymecological wards of 
the Yale School of Medicine. Van Slyke’s method was compared 
with that of the author’s, and the results were consistent. J. F. 
McClendon and his co-workers have published diagrams by means 
of which the alkaline reserve may be ascertained when either the 
alveolar carbon dioxide tension, the total carbon dioxide of the 
serum, or its under known tensions of carbon dioxide has been 
determined. 

IS J. Biol Chem., 1917, 31, 217 ; A., li, 506. 

J. F. McClendon, A. Shedlov, and W. Thomson, Hid., 1917, 31, 519 ; 
A., i, 671. 
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It will have been noticed that the researches described in the 
foregoing jDaragraphs have for the most part been carried out with 
plasma or serum and not with the whole blood. The use of either 
of the two former adds greatly to the ease of estimations, and 
there would seem to be sufficient evidence to show that the plasma 
bicarbonate is a real index of the alkaline reserve of the "whole 
blood and of the tissues. It is an index because there exists an 
acid-base equilibrium behveen corpuscles and plasma and beWeen 
blood and tissues, 'which on the occurrence of any change is rapidly 
readjusted. 

Moreover, when we speak of the reaction of the blood we refer, 
^trietly speaking, to the reaction of its plasma. It is this which 
is measured by an electrode immersed in the whole blood; the 
corpuscles merely remain suspended indifferently in the fluid, and 
may be removed without altering the E.M.F. reading. Doubt- 
less, moreover, it is the reaction of the jflasma which comes into 
direct contact with the tissues that is of importance physiologically. 
AVheii corpuscles and plasma are in equHibrium under any given 
conditions, the removal of the forn^er will produce no change in 
the ionic equilibrium provided that the conditions remain un- 
changed. Towards a change of conditions, however — of carbon 
dioxide tension, for example — the separated plasma will behave 
differently from the whole blood, because the corpuscles play so 
considerable a part in determining the equilibrium condition.^^ 

To understand the behaviour of the whole blood when, for 
instance, carbon dioxide or other acids enter it as they arise in 
metabolism, we must take account of the corpuscles. We must do 
so, indeed, if we are considering the actual alkaline reserves of the 
blood. 

It was long ago shown that with increasing carbon dioxide 
tension, hydrogen chloride (or rather the chlorine ion) leaves the 
plasma for the corpuscles; and a recent paper contains evidence 
to show that the SO4 ion does the same. Apparently under the 
same conditions, potassium and sodium also leave the corpuscles. 
Thus increasing tension of carbon dioxide increases the alkalinity 
of the plasma, and reverse changes follow with diminishing tension. 
Hasselbalch“° has directly shown that the Pjj- of the whole blood, 
that is, of the plasma in contact with corpuscles (see above), changes 
much less with changes of tension in carbon dioxide than does that 
of plasma, serum, or simple solutions of bicarbonate. Hasselbaleli 

Compare T. R. Parsons, J. Physiol., 1917, 51 , iiO. 

Gnrber, Sitzungsber. physik. med. Ges, Wurzburg, 1895, 21. 

S. de Boer, J. Physiol., 1917, 51 , 211 ; A., i, 671. 

“3 K. A. Hasselbalch, Bioch&m. Zeitsch,, 1916, 78, 112 ; A., i, 490. 
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does uol ^attribute tliis sim23iy to the influence of the corpuscles rp. 
representing a separate phase across the surface of v’hicli ionic inter- 
changes occur, or to the real, if minor, influence of the phosphate^- 
within the corpuscles, but rather to the special influence of oxy- 
htemoglohin as an ampholyte. This substance becomes the more 
acid the more alkaline the reaction of its milieu. It acts as buffer 
to a degree* of tvhich the pjlasma proteins are inert pable and pro- 
motes decomposition of bicarbonates during diminishing tension- of 
carbon dioxide. The jirojierties of haemoglobin in thi^ connexion 
are of physiological imjiortance, since, when the blood is takintr nii 
carbon dioxide from the tissues, the oxyhtemoErlobin becomes 
reduced, and reduced hsemoglobin is less acidic. 

As a result of observations involving ingenious technique aiti 
made partly in contiiinance of interrujUed work by R. A. Peter-. 
T. E. Parsons 2^" has shown that the of fully oxygenated blood 
at a given tension of carbon dioxide is less thrai that of com;)letely 
reduced blood by 0'03S, and that the difference between arterial 
and venous blood is approximately O' 02. The effect of oxygen in 
expelling carbon dioxide from the blood is due to the increase of 
acidity it produces. The author claims that changes in the relative 
number of corpuscles to the extent actually observed in jiatho- 
logical conditions exerts an aj^preciable effect on the reaction of 
*the blood in the body, and so on the respiratory eqnilibritnn . 


Some Aspct of Xutrifion. 

The present shortage in the food suTJpIy of the world makes 
important every detail of knowledge concerning human nitrition. 
Even facts which seem academic need scrutiny, in case at some 
jDoint or other they may find application in the direction of 
guidance for economy. In the present section I shall consider 
together, without much regard to order, the results of a number 
of recent researches into various aspects of nutrition. 

Particularly desirable just now is any scrap of knowledge con- 
cerning the cereals. Except in arctic climates, bread and cereals 
are always important items in the food of mankind, and exeejit 
where wealth has accumulated and luxury come in its train, they 
are by far the most important. Circumstances have to be very 
exceptional indeed when the growing of cereals does not yield an 
energy supply for the worker at less cost and with less relative 
effort than any other method of food production. Economic and 
social factors usually tend to make bread by far the most con- 
venient form in which the cereals can reach the individual consumer. 


Loc, cit 
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The nations of the West have acquired the habit of 8ftmanding 
a well-piled loaf, and for this the special properties of wheat gluten 
seem necessary. Hence the reliance on wheat in the West. Yet 
it has been calculated that, after all, no more than a fourth of 
manhiiid relies on wheat, and when a relative shortage in this 
cereal renders it desirable that other cereals should accompany it 
in bread, the consequences should not be prejudged. 

Experiments on animals show, indeed, that wheat when com- 
}>ared with other grains has no outstanding merits as a nutrient. 
Xo cereal forms a perfectly balanced fpod when eaten' to the 
exclusion of everything else; but except of milk, and of that only 
as a food for infants, the same may be said of every other individual 
foodstuff. In countries like Australia, where wheat is especiallv 
abundant, efforts to use it instead of oats for working horses, and 
to employ it largely in the raising of stock, have resulted in 
relative failure. A ration wholly from the wheat plant — grain plus 
straw — when fed to heifers has been shown to be entirely in- 
adequate for reproduction, and in some instances even for continued 
growth. 

Pigs when given wdieat alone, even although certain mineral 
deficiencies in the grain are made good, soon cease to grow and 
develop pathological symptoms, proving wheat, in this particular- 
case, to be inferior to maize .22 To remedy completely the defici- 
encies displayed, it would seem that not only must the balance in 
mineral salts be improved and accessory factors of the vitamine 
type be increased in amount, bnt the protein of the grain must 
be improved by the addition of other proteins. It is claimed that 
parf. of the symptoms displayed by animals on an exclusive wheat 
dietary containing the whole grain are due to a toxic factor. 23 I 
am not quite sure that the evidence for this view is yet sufficient. 
Still further observations of a quantitative sort involving the 
adjustment of deficiencies seem first called for. Nevertheless, an 
oil with definitely toxic properties has been extracted from the 
wheat embryo. 

It may be noted that some inherent deficiency in a diet may 
not he fully disclosed until animals fed on it are allowed to 
breed. Complete failure to rear young may characterise an 
abnormal state of nutrition which is not obvious in the parent 

E. B. Hai-t, E. V. AIcColluni, and Ci. C. Humphrey, Ex-p. Sfat. Research 
Bull, 17 (1911). 

E. B. Hart, and E. V. McCollum, J. Biol Chem., 1914 19 37*^ • 4 
1914, i, 620. ’ ’ ’ 

Miller, and E. V. McCollum, ibid., 1916, 25, 239 ; 
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julilual This failure seeiu;= io he uoiioirijlv exhibited by 

afuinals on an exclusive wheat diet.-^ 

Agriculturists have long reeugiiised the m.idciyusc} of iuaize a-, 
a sole diet for aninials. This inadequacy is due to various causes. 
When it is fed to working horses, the effect of a relative excess of 
carbohydrate and deficiency of total protein makes itself felt. In 
the case of growing animals, mineral deficiency and errors in the 
amino-acid balance of its proteins have to be recognised. Recent 
researches have given us a more accurate analysis of the^e various 
deficieneies. Apparently, whilst one of them is the more important 
to one kind of animal, another may he of greater moment to another 
species. For example, the mineral deficiencies of maize are 
tolerated much better by pigs than by rats^ its protein deficiencies, 
on the other hand, are borne more readily by the latter.-^ Such 
differences, however, are only relative. Pigs, tor instance, when fed 
on maize-meal, fortified by the addition of extra proteins derived 
from maize itself, showed little or no growth, but when suitable 
salts were added, appros:imateiy normal gTowth was observed."’' 
Nevertheless, on this diet perfectly normal reproduction couU 
never be obtained. Young were born, but the mother failed to 
rear them.^" Maize, like other grains, is quantitatively deficient 
ill a factor to which I shall later make further reference, the sub- 
stance called ‘‘fat soluble A*' by McCollum. Animals thrive 
better on maize diet when an extra supply of this is given in 
natural butter or in the form of an alcoholic extract derived from 
maize itself. Some particularly interesting data concerning maize 
as a foodstuff have been published by A. G. Hogan.-® His experi- 
ments confirm the generally accepted view that the chief mineral 
deficiency is one of calcium. The low nutritive value of the 
proteins is shown strikingly in experiments with pigs. Thus one 
set of animals of which the protein supply was wholly in the 
maize showed an average gain in weight, in 780 days, of only 
5 kilos. Another set of which the diet was the same but for a 
small addition of casein (1'22 per cent, of the whole ration and 
about 10 per cent, of the whole protein) gained in the same time 
an average of 81 kilos. The vast superiority of casein as a protein 
for growth is obvious. The nature of the deficiency in the protein 
was brought out in experiments on rats. These experiments, 

E. V. McCollum, X. Simmoncls, and IV. Pitz, J. Biol. Chem.^ 1910, 28, 
211 ; A., i, 1S4. Hart, McCollmn, and Humphrey, loc. cit. 

25 A. a Hogan, J. Biol. Ohem., 1916,29, 193 ; A., 1916, i, 861. 

26 E. B. Hart and E. V. McCollum, ibid., 1914, 19, 373 ; A., 1915, i, 39. 

2’ E. V. McCollum, N. Simraonds, and \V. Pitz, ibid., 1916, 28, 153 ; A., 

i, 192. 23 j. Chem., 1917, 29, 485 ; A., i, 363. 
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wliiist clikfly confirmatory of previous work by others, gave pai' 
ticularly clear results. The whole proteins of maize, aiici zeiu alone, 
were supplied in the basal dietary. On this diet the animals were 
not maintained. The addition of lysine alone led to no improve- 
ment, but added tryptophan greatly improved the condition. 
When both these amino-acids were added, health and growth 
I’.ecauie normal. Tryptophan, therefore, is the first limiting lactoi 
in the nutritive value of maize proteins, but when this is supplied, 
lysine proves to be a second limiting factor. 

It seems probable that in the case of ojits the nutrient * factors 
are, from the point of view of the animal, better balanced than is 
the case in either wheat or maize. Many observers, it is true, have 
reported failure in attempting to keep animals in health on oats 
alone. In the case of rabbits, the symptoms which appear have 
been ascribed to simple acidosis, as they are prevented by the 
administration of sodium hydrogen carbonate.-® This observation 
has been recently confirmed.^® In guinea-pigs, however, a more 
serious condition develops, for, as is well Icnown from the original 
experiments of Holst and rrohlich,s\i an exclusive oat diet, no less 
than one consisting solely of other grains, induces symptoms in these 
animals which are indistinguishable from those of scurvy. These 
animals placed on a grain dietary have been much used, therefore, 
to demonstrate the jiresence of anti-seorbutic factors in various food- 
stuffs. The results obtained, both in the way of prevention and 
of cure, have seemed striking enough. Doubt, however, has been 
recently thrown on the view that scurvy is really a “ deficiency 
disease." E. V. McCollum and W. Pitz^- claim to have shown that 
the symptoms, in the guinea-iDig at any rate, are due, not to the 
absence of an anti-scorbutic vitamine, but simply to a retention of 
material in the caecum, owing to the unfavourable physical 
character of the diet. This leads to bacterial poisoning. The 
symptoms, according to these authors, can be prevented by the 
administration of substances which depress the growth of micro- 
organisms in the digestive tract or which facilitate the elimination 
of the faeces. I have read their paper -without being convinced 
that their case is established. The experimental results are very 
irregular, and in this respect, unlike those obtained by others who 
have used fresh vegetables or fruit juices for prevention or cure.^^ 

A. Morgen and C. Beger, Zeitsch. physiol. Chem., 1915, 94, 324,* A. 
1915, i, 922. 30 C. Funk, J. Biol Ghem., 1916, 81, 229 ; A., i, 696. 

J. Hygiene, 1907, 7, 634. 

J. Biol Ghem., 1917, 31, 229 j A., i, 604. 

A. Holst, J. Hygiene, 7, 619; Harriette Chick and Margaret Hume, 
Trnns. Soc. Trop. Med and Hygiene, 1917, 10, (8), 141. 
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It is veiT hard to believe, moreover, that the remarkable appear- 
ance of anti'scorbiitic jjotver in grains and seeds .at the monienl of 
germination could depend on an acquirement of laxative or 
eliminative j^i'operties.®-^ Nevertheless, the obsei vaiions oi 
McCollum and Pitz must he carefully borne in mind in any future 
work on this subject. Funk.s^ strange to say, has found that the 
guinea-pig, when on an oat diet, is but little protected by tlie 
administration of anti-scorbutics; the only iiesh products he used, 
how^ever, were milk and potato juice. He found the former to lie 
the more efiScacious of the two, a result which does not agree with 
the observations of others.^*" 

Reviewing what has been said of the variou.^ cereah. it will. 1 
think, be admitted that what we know of their nutritive properties 
from animal experiments does not suggest that wheat take^ any 
pre-eminent position. As any one of the cereals proves when eaten 
alone to make an ill-balanced dietary, it is likely that admixture 
of two or more may actually improve the balance of nutritive 
elemeiifs in bread. 

Another question arises in connexion with grain foods which i- 
of great practical importance at the present time. What is the 
effect of increasing the percentage extraction of grain on the 
nutritive value of flour and bread? Do we gain by such an 
increase, or does the small digestibility of the added fraction nullify 
such gain? I need only refer to the report of the Royal Society 
Pood (War) Committee on this subject. Careful and siifflcieiitly 
prolonged digestibility experiments on twelve individuals, com- 
paring a bread made from wheat flour of approximately SO per 
cent, extraction tvith one made from 90 per cent, flour, showed, in 
spite of a slightly lessened digestibility, a marked gain in actual 
iiiitrimeut when the latter was employed — a gain in available 
energy equal to something like a month’s supply of cereal food for 
the nation. An interesting point shown by these experiments is 
the great uniformity displayed by individuals in the power of 
digesting a dietary. Of the total calories contained in the diet 
comprising the 80 per cent, bread, 96' 14 per cent, were on the 
average digested. The extreme departures from this were 95 ’1 per 
cent, in one case and 96'96 in another. The average agrees closely, 
moreover, with that obtained in experiments made at Cambridge 
some years ago with four quite different individuals.^" On a 
closely similar but not identical bread, the calories digested were 

Ffirst, Meitsoh. BygUne^ 1912, 72, 121. 

C. Funk, Biol. Cham., 1916, 25, 409 ; .4., 1916, i, 090. 

H. Chick and M. Hume, loc. cit. 
a’ J. Bygiene, 1912, 12, No. 2, 119. 
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9T’27 per cent, of llie whole. In the Koyal Society s cxperiin-^iitc'j 
the diet containing bread made from the tiour of higher extrac- 
tion showed on the average a digestibility ^^iii respect of its calories) 
of 94’5 per cent. Such ligures show how little basis has the not 
inicommou belief that even the present-day Government regulation 
flour {SO per cent.) has qualities which lead to a serious wastage of 
its food value. 

Miss Harnette Chick and Miss Margaret Hume have, in very 
thorough experiments, studied the 2 >recise distributiou of the anti- 
neuritic vitamine in the grains of wheat, rice, and m^ize. Bigeons 
were fed on a basal daily ration of about 2‘6 grams of polished 
rice. On this alone the birds usually develop symptoms of neuritis 
in from fifteen to twenty-five days. The various parts of the grain 
were tested either as preventitives, when they were added to the 
rice from the beginning of the experiment, or as curative agents 
by administration after the symptoms had developed. It was 
fouiul that in all the grains the vitamine is concentrated mainly in 
the germ or embryo, and that it is present" to a less degree' in the 
bran (pericarp and aleurone layer), probably more particularly in 
the aleurone layer. 

As the subject of vitamine has received a good deal of attention 
in recent Reports, I had, as a matter of fact, intended to omit it 
here, thinking further reference to it might await the arrival of 
real knowledge as to the nature of these substances. The work of 
the year has rather forced my hand, however. 

It was to be expected that conceptions new and foreign to views 
long held would have to submit to a jieriod of criticism. I have 
just dealt with doubts thrown on the hypothesis of anti-scorbutic 
vitamines, although these doubts proceed from authors who strongly 
believe (and whose own work deeply commits them to the belief) in 
the part played by vitamines when growth and the maintenance of 
general nutrition are in question. 

F. Rohmaun.S!* however, has lately published in Germany a 
brochure in which the importance of such factors is repudiated. 
This publication I have myself been unable to obtain, but it is 
quoted and dealt with in a recent paper by Osborne and MendeL-^^* 
Rbhmanu asserts that accessory foodstuffs are, at any rate, not 
necessary for the continued maintenance of full-grown animals.” 
In this he may be right if by "continued maintenance” he means 
maintenance foi‘ some\vhat long, although by no means indefinite 
periods. He goes further, however, and expresses the belief that 

F. Rohmann, '■ Ueber Kunstliehe Ernahrune und Vitamine,” Berlin, 
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T. B. Osborne and L. B Mendel,,/. Biol. OJiem., 1917, 31, 149: A., 
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the long familiar factors of energy, jH'otein, balt>, etc., if properly 
adjusted, suffice for the growth of the young animal and for all 
purposes. Osborne and Mendel, in the paper referred to. have 
criticised the comparatively few experiments on which Rolinianu 
apparently relies for proof that animals (mice) can grow and 
ultimately produce young on pure synthetic dietal■ie^. The food 
preioaratioiis used seem to offer quite insiifficieiit guarantees that 
vitamines were absent from them. For my part, I am convinced 
from a careful re-perusal of all the published evidence, a- well a^ 
from my own experiments, that the existence of factors of un- 
known nature, present in most natural foodstuffs, essential to 
growth, and active in very small concentration, i- now proved. As 
to how they exert their effect, whether by directly stmiiilat.ug the 
growing tissues, or, a.- i-^ possible, along lines much more indirect, 
we are wholly ignorant. I have said that the vitamines are sub- 
stances of unknown nature, but if one return for a moment to the 
anti-neuritic agent or agents (which are not necessarily the same 
as the growth factors), reference should, I think, be made to the 
truly remarkable statements of R. R. Williams. This author has 
found that certain pyridine derivations exi^t in two isomeric forms 
of . different stability. In the case of il-hydroxy pyridine, for 
instance, there is an unstable form crystallising in needles and a 
stable form crystallising differently. Now the first form (which 
has probably a betaine structure'), but not the second, is said to 
have a powerful and rajiid influence in curing birds which have 
developed neuritis after polished rice feeding. Analogous facts, it 
is claimed, hold with other pyridine derivations, as, for instance, 
nicotinic acid. I find it somewhat hard to believe that we have 
here disclosed the actual nature of anti-neuritic suljstaiices as we 
find them in natural foodstuffs; but even if the author has made 
a pharmacological rather than a physiological discovery, it is none 
the less a remarkable one. Unfortunately, however, the first 
attempt to repeat the observations has failed,^® 

Owing to the initial work of McCollum and Davis,^^ belief is 
becoming established in the existence of two substances each of 
which is essential to growth; of these, one is soluble in 'water and 
the other is soluble more particulaidy in fats. McCollum and 
Kennedy,'^" feeling that the name vitamiue, due to Funk, connotes 

40 A. Harden and S. S. Zilva, Bwchem. J., 1917, 11. 172 ; A., i, G12. 
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more than it slioulcl, and holding that the term “ accessory food 
substances” as originally used by myself is too indefinite, propose 
to give to these two substances of unknown nature the non-com- 
mittal labels fat-soluble A and ‘‘water-soluble B” respectively. 

Ill connexion with this point, the practical question has arisen 
as to how far the various brands of margarine on the niarket suffer 
from a deficiency in the fat-soluble substance which is abundantly 
present in butter. AV. D. Halliburton and J. C. Drummond j^ave 
carried out a valuable pioneer research on this subject The 
curves of growth-rate presented in their pciper constitute further 
evidence for the real existence of the factors in question. They 
find that the fat-soluble growth accessory is present in margarine 
made from beet fat and oleo oil- The vegetable oils, natural or 
hydrogenated, contain little or none of the substance, and 
margarines made from them alone are therefore, in this particular 
respect, inferior to butter. It is, of course, necessary to view such 
findings as these in proper perspective. Margarine is seldom eaten 
except in dietaries which contain other sources of the accessory 
of growth substances. The facts, nevertheless, are by no means of 
academic interest alone. 

The question as to whether free fatty acids have a nutritive value 
for man and animals is of decided interest at the moment, the' 
available supply being, for obvious reasons, exceptionally great. 

Physiologists have known for half a century that the animal 
can synthesise neutral fats from fatty acids given by the mouth, 
the necessary glycerol being imovided by metabolism ; but the limits 
of this capacit}’’ were not defined, and we have been uncertain as to 
what would be the effect of considerable quantities of free fatty 
acid on the intestine itself. Some feeding trials have been recently 
made on pig^, in which free fatty acids w^ere made to replace two 
and a-half tiine.s their weight of the carbohydrate present in a 
control dietary. The animals receiving the fatty acids did as well 
as those on the control diet, but the experiments were of somewhat 
short duration.-^^ J. F. Lyman has fotind that palmitic acid 
when fed to dogs is well absorbed, showing a utilisation of more 
than 80 per cent. When given to cats, it vras found deposited as 
tripalmitiu. 

Another point with respect to nutritional values which is of very 
real importance at the present time concerns the potato. Our 
dependence on mir potato crops is likely to increase. Although 
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uitrogeaisus coustituents in tiie tuber are present in relatively sinail 
amount, ifc is a comfort to know that the protein has apparently 
an exceptional!}^ high nutritive value, presumably because the 
amino-acids in it are well balanced from the point of view of animal 
requirements. The fact was earlier suggested by the observations 
of M. Hindhede-^" and of K. Thomas,^^ and it has recently received 
confirmation from the work of Mary S. Rose and Leiiiia F. Cooper.'' 
They got satisfactory nitrogenous equilibrium with a daily intake 
of 4'8 grams of nitrogen (0'096 gram per kilo.), a re-nlt v.hicli 
certainly could not be obtained with a single cereal ]->rotein or with 
meat. It is probable that the potato will support the maiuten- 
aiice metabolism of the adult on, say, 0*4 gram of protein per kilo 
If a reasonable amount of fat is available, the necer=ary i-xlorb' 
supply can on a potato diet be obtained with this low level of 
nitrogen intake. 

Til e Gro icth J^rocf-h s ; E luhxjt Catalij-t'-. 

In the previous section I liave dealt, more or less iiicidenially, 
with animal growth as a process affected by agents which may be 
classed as exogenous hormones. Growth, however, is aho con- 
trolled by endogenous hormones, by agents arising within the 
animal itself. "Whether there is any kind of rtflation between the 
exogenous and endogenous factors we do not know. The latter 
are contained in the internal secretions of glands, certainly in 
those of the thyroid, the pituitary organ, and the sexual glands. 
The subject of internal secretion in general does not, however, call 
for attention this year, but I feel that an exception should be made 
ill the case of stuclies by T. B. Robertson on the infinence of the 
pituitary gland on grovrtli. 

The opinions of this author challenge allention. I <levole thi> 
section to them, however, chiefly because of the experimental 
material on which they are based. Theories apart, this suggests 
that even the time relations of growth in iiiammals may prove to 
be very complex, a circumstance which must not be overlooked by 
other workers. 

During recent years, Robertson has written many papers deal- 
ing with the general nature of the growth process.^^ His views, 
however speculative, doubtless call for consideration from those 
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who are interested in the chemical aspects of growth; I. refer to 
them without prejudice. They are, indeed, too complex and 
technical for efficient treatment here, hut a few paragraphs quoted 
almost verbatim from the author must be given in explanation of 
what he considers to be the significance of the results got in pituitary 
feeding experiments. He believes from observation and experi- 
ment that the growth of man and of animals consists oi a number 
of phases or growth cycles which succeed one another and to some 
extent merge into one another at the transitional period. Each 
of these cycles is characterised by an initial period of slow gi-owth 
succeeded by a period of rapid growth, and that in turn by a 
period of slow growth, the entire cycle forming a single S-shaped 
curve w'hich is symmetrical about its centre or moment of maximuui 
velocity. 

The chemical syntheses ivhich constitute the growth of an animal 
are therefore of such a nature that during the first half of any 
given growth cycle the velocity of synthesis is progressively in- 
creased ill proportion as it has already proceeded; in other words, 
it is auto-catalysed or self-accelersted, and as wdth all auto- 
catalysed reactions, in the latter half of the cycle growth syntheses 
are retarded by the progressive accumulation and mass action of 
the products of synthesis. Robertson claims that the formula of- 
autocatalysis, log = accurately represents the 

quantitative relationships of the growth process as observed when- 
ever accurate measurements made on a sufficient number of 
individuals have been available. Auto-catalysis iini>lies the exist- 
ence of catalysts, and these are siiiiplied by the glands of internal 
secretion.^- The author believes that two types of growth may he 
recognised, called by him respectively the auto-kinetic type, in 
which a growth accelerator progressively increases in amount, and 
the auto-static, in which accelerating factors progressively diminish. 
For reasons fully discussed by the author, but which cannot be 
given here, it is suggested that increase in the mass of the catalyst 
will lead to an acceleration of the latter half of an auto-static or 
the initial half of an auto-kinetic cycle, whilst a like increase in 
the catalyst will retard the latter half of an auto-kinetic or the 
intial half of an auto-static cycle. 

The influence of the pituitary secretion was studied on white 
mice. As a preliminary to the study, a very perfect technique for 

See loc. cit.. 304. I tlo not pretend to understand the .T.utlior*H position 
here. If growth bo an auto -catalysed ijrocess, one would suppose that 
the velocity would be controlled by factors arising during the process itself, 
and therefore taking origin, not in specialised organs, but in each growing 
tissue. 
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dealing with tlie auiuiaK \va-» dt'\elupi-d git-.o iiunihc-r 

normal growth eurve.- were recorded, ami a lua-- oi ‘O.jiiMio e(»:- 
eerning variation was obtained. 

The inoiiee displays three separate extia-nterine growth eyelt^. 
The first cycle attains its inaximurn velocity at some time shortly 
prior to seven days after birth, and culminates at fourteen day.>. 
The second attains to its maximum velocity at twenty-one to 
twenty-three days, and culminates soon after the twenty-eighth day. 
The third reaches a maximum velocity at about the sixth week, and 
thereaRer dec^'^ases in velocity continuous!}' but very slowly, so 
that growth still continues between the fiftieth and sixtieth weeks 
succeeding birth. 

Previous observations on the results ot the administration of 
pituitary gland have suggested that rnaieiial contained in tlie 
anterior lobe retards the growth of vuiing animals. Shafer's '^ 
experiments, however, gave an indication that although there was 
retardation at early stages, there was later on no such effect, but. 
if anything, acceleraticni. Robertson's results, based on the 
behaviour of a much greater number of animals, confirm this. He 
found that the ” administration of O'ldj gram per day jier animal 
of fresh anterior lobe tissue to mice, beginning at four weeks after 
birth (conclusion of the second growth cycle b leads to retardation 
of growth during the earlier portion of the third growth cycle, 
that is, between the sixth and twentieth weeks. In the latter part 
of the third growth cycle, however, from the twentieth to the 
sixtieth weeks after birth, the growth of the pituitary-fed animah 
is markedly accelerated, so that they not only catch up the normals, 
but actually, at about one year of age, come to surpass the normals 
ill weight.’’ Presumably, therefore, the third growth cycle in mice 
is, in the author's sense, ’ auto-static.' The administration of the 
pituitary substance means an increase in the concentration of a 
catalj'st, and its effect is, according to him, similar in character to 
that of other catalyses of growth. 

The effects are not marked, and only because they are based on 
much material and because the observer has so carefully considered 
the effect of individual variations are the experimental results 
worthy of attention. 

Robertson has effected a partial separation of a substance from 
the gland which on administration has precisely the same effect on 
growth as the gland substance itself. This he has called 

53 See, however, E. Goetsch, Bull. Johns HopMns Unit., 1916. 146 ; also 
with regard to invertebrates. R. Wulzen, J. Bhl. Chem., 1916, 25, 625 ; A., 
1916, i, 692. 

5* Quart. J. Exp. Physiol., 1912, 5, 203. 
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‘•tetlielin (re^yXo)?. growing). It is precipitated by etlier from 
an alcoholic extract of the gland. It is a hygroscopic substance 
containing phosphorus and nitrogen in the proportion of four atoms 
of the latter to one of the former. It gives colour reactions suggest- 
ing the irresence of an iminazole group, and is said to yield ^-inositol 
on acid hydrolysis. The method of preparation, however, gives 
b,mall guarantee for purity. In a quite recent paper, experi- 
merits intended to throw light on the effect of pituitary feeding on 
the earlier growth cycles of the mouse are described. The attempt 
was made to influence the suckling by feeding the mother with 
iethelin. Xegative results were obtained,* which may have been 
due to the fact that tethelm fails to enter the milk. Later, during 
the second evde (second to fifth weeks), acceleration of growth 
occurred, followed by retardation at the beginning of the third 
cycle, in spite of the fact that administration ceased at the end of 
the fifth week. When administered hypodermically to mice, 
tethelin is said to exert a remarkably stimulating action on the 
healing processes in granulating wounds.'*'® 

Ohemhinj of Bacterial Growth. 

The chemistry of bacterial activity is not abstracted as part of 
the subject with which this Report is formally supposed to deaL 
I feel, however, that it is legitimate ground for one’s attention. 
By the chemistry of bacterial activity, I mean the study of clean 
reactions which substances of known constitution undergo under 
the influence of the orgaiiis-ms. This study, although it began long 
ago, has been neglected during the development of bacterial techno- 
logy with its special aims and empirical technique. It is now 
awakening into marked activity, and I believe it will be of funda- 
mental importance to general biology. Unfortunately, I can say 
very little about it in the present Report. 

The chemistry of species — the difference in chemical constitution 
and in metabolism which is associated with and underlies morpho- 
logical difference, always a suggestive study — can be investigated 
with special advantages in the unicellular organisms. All the 
differential diagnostic methods of bacteriology are, of course, based 
on the variation in the metabolism of allied species. 

There is something fascinating in observations sucli as that made 
by T. Sasaki, s" who found that when B. ^roteus acts on tyrosine, it 

“ T. B. Robertson and M. Delprat, J. Biol. Chem., 1917, 31, 667 • A 
i, 673. ’ 

J. Amer. Med. Assoc., 1916, 66, 1009. 

Acta Sckolae Med. Kyoto, 1916, 1, 103 ; A., i, 107 ; also J. Biol Chem 
1917, 32 , 533. ' 
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forms vMiyilroxyplienvl-lactic acid, whereas B. ^ oi* 
the same siihsta lice form- Mivaroxyphenyldacii.' --‘i >pe_'ial 
iutere'^t attaches to the fact that the prodiicrs -ire "c.>: ' y' ■*' 
matter whether the parent =ub-tance he ,1- or /-tyro-iiie. Th:- > a 


neat case of antipodal dilTerencer. in the chemical make-np of n,-o 
species heloiigiiig to the =anie order. One woni'l like to know what 
else in metabolism is correlated with a dilrerence of this -oit and 
how such differences arise in evolution. Tt is likely that a sym- 
metrical intermediary compound is in each case first formed from 
the tyrosine, and the respective optical isomerides then synthe-i-ea 
under the direction of * asymmetrical catalysts. The symmetrical 
intermediary might he hydroxyphenylpyruvic acid, which is formed 
in the animal organism bj” the deamination of tyrosine, or it might 
be hydroxyphenylacrylic acid. H. Raistrick, - at least, has fouivl 
that histidine, when deaminated by various bacilli of the Col' 
group, gives iminoazoiyh^-acrylic (urocanic) acid. 

This is an interesting observation, as it is quite possible that 
biological deamination of amino-acids may always begin in this 
way, the resulting iinsaturated acids being oxidised to hydroxy- or 
keto-acids by a secondary procsss. 

As is well known, different species of bacteria under varying 
conditions deal with the side-chain of tyrosine tancl of other 
aromatic amiuo-acids) in various ways. Deamination or decarb- 
oxylation occurs, followed by oxidations of varying intensity. The 
side-chain may completely disappear. An anaerobic organism has. 
for instance, been recently isolated by A. Berthelot from the 
intestine which, acting on tyrosine, produces, under ordinary 
cultural conditions, about ten times as much phenol as the most 
active known phenologenic species. It gave under special conditions 
a yield of phenol from tyrosine equal to SO per cent, of the 
theoretical. 

Two new points concerning the general nutrient needs of bacteria 
have come to light of late. F. A. Bainbridge showed that many 
bacteria are unable to decompose j)ure proteins, an observation 
since confirmed, and shown to be true even in the case of organisms 
of the putrefying type.^i It has been further shown that, as a 
matter of fact, small amounts of free amino-acids are necessary for 
the initial growth of many, if not of all, bacteria.*^- S. W. Cole 

Biochem. J., 1917, 11, 71 ; A., i, 409. 

59 Oompt, rend., 1917, 164, 196; A., i, 305. 

«» /. Hygiene, 1911, 11, 841. 

J. A. Sperry and L. F. Rettger, J. Biol. Cliem., 1915, 20, 455 ; A., 
1915, i, 482. 

Rettger, Berman, and Sturges, J,. Bacferiol. Baltimore, 1916, 1, 15. 
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and H Onslow have described a medium ■' tryptamijie' con- 
taining free annno-arids from almost completely digested fasein as 
a successful substitute for neutral peptone media. Organisms 
which are naturally saprophytic, or which may have been made 
saprophytic by laboratory sub-culture, apparently make less 
demands on the specificity of the medium than do those which 
are more strictly parasitic. The latter are adjusted to live in the 
complex media represented by living tissues, and apparently need 
for their development special stimulating factors. It has long been 
recognised that blood or tissue extracts must be added to artificial 
media if such organisms are to he successfully grown. The work 
of Dorothy J. Lloyd on the mtninyococcus seems to make it clear 
that the gTowth of this organism calls, as a matter of fact, for 
vitaniines. S. W. Cole and D. J. Lloyd find that the facts are 
the same in the case of the c/onococcioi. It is noteworthy that the 
metabolism of bacteria should resemble that of animal cells in deal- 
ing primarily with amino-acids, and that certain micro-organisms, 
at any rate, should be dependent upon grpwth stimulants. 

These considerations lead me to refer to a somewhat remarkable 
series of papers by M. Jacoby. It \\‘as found that certain bacteria 
discovered by XJ. Friedemaun in plant tumours were capable of 
decomposing urea.^’" An urease can be isolated from the organism, 
although imperfectly. During the progress of researches with these 
bacteria the author recognised that in the urease was to be found 
an easily detectable eiidocellular agent offering, in a .sense, analogies 
to toxins and the like. He therefore set himself the legitimate and 
happily conceived task of studying the various nutritive conditions 
which might make for or against the production of the agent in the 
cel]. On Uscliinski’s medium, which contains glycerol, ammonium 
lactate, sodium aspartate, and inorganic salts, the bacteria remain 
alive and capable of reproduction; but growth is poor and urease 
production is small. The addition of serum or of an alcoholic (not 
an etliereal) extract of serum immediately stimulates both pro- 
cesses, and so does the presence of mere traces of bouillon. 

Up to this point we seem to have before us an instance of the 
necessity for a vitaniine-like factor. It was found, however, that 
dextrose in small amounts greatly stimulates the formation of 
urease, and the author became of the opinion that the production of 

Lancet, 1916, 11, 1011. 

J. Path. Pact., 1916-17, 21, 11.3. 

«■> Ihid., 1917, 21, 267. 

«« Biochem. Zeitsch., 1916, 74, 109 ; A., 1916, i. 529. 

8- Ibid., 1916, 77 , 402 ; A., i, 106. 

88 Ihid., 1917, 80 , 359 ; A., i, 4.30. 

68 Ibid., 77 , 405; A., 1, 106. 
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ferment ig increased by the sugar, not merely indirectly, by stimu- 
lation of general metabolism, but because an actual f>recursor, in a 
chemical sense, of the urease is supplied. He believes that such 
studies will ultimately throw light on the actual chemical nature cf 
the ferment. It became important, therefore, to define more closely 
the nature of substances ca 2 )able of procliiciug urease. Greatly 
efncient is ^/-galactose ; efficient to a le^s deaic-e are and /-arabin- 
o^e, rhamnose, rf-rnaiinose, and many other r-ab'taiices rested prove 
’iueft'ective. It is possible to note a common coii£gui*atioii in the 
effective sugars.-^’ The S-carbon derivatives of dextrose, ua^nely, 
glyceraldehyde, dihydroxyacetone, iiyriivic- acict, and lactic a^i-a. aie 
very effective. Certain (but not all) amino-acids induce greater 
urease production when added to a medium , already re::.: creed hy 
dextrose and bouillon. From the results of the latest experiments it 
is claimed that good production can be obtained in the presence ot 
simple substances only, without vitaniiues, that is, in Uschinskid 
medium with the addition of the special carbohydrates or their 
derivatives and certain a'hiino-acids, for instance, leucine and 'iso- 
leucine. 

At this stage, the remarkable observation was made tliat syn- 
thetic leucine could not take the place of natural leucine in promot- 
yig growth or lernient-formatiou. Tiie author leaves this fact 
without clear exiila nation. If the natural leucine was made by 
crystallisation after |>anereatie or other fermentive proteolysis, or if, 
as is likely, they were separated from molasses, an explanation is, 
I think, forthcoming; otherwise one see» none. The author’s earlier 
experiments show how extremely small an amount of bouillon is 
effective in iiromotiiig growth. Only so much, for example, as is 
introduced when organisms from a bouillon-containing medium are 
subcultured into one which is bouillon-free. Now the medium in 
the latest exjoerimeiit was intentionally made to contain no ]x>uillon 
or blood, that is, no vitamine suppljx I will here venture to men- 
tion an experience of my own. There had remained in my labora- 
tory for ten years a s}>ecimen of tyrosine jnepared from an autolysed 
jiancreas. In the course of certain experiments, the aim of which 
I need not go into, it was found that the specimen contained tlie 
tissue kinase which coagulates blood plasma. A few milligrams 
added to 5 c.c. of stable fowl’s plasma induce coagulation in fifteen 
minutes; after the tyrosine had been thrice recrystallised from 
water it induced coagulation in thirty-five minutes. A specimen of 
tyrosine prepared by acid hydrolysis of pure casein had, as was to 
bo expected, no coagulative effect whatever. Enzymes and other 
biological catalysts derived from living tissues are often associated 

’0 Biochem. Zeitsch., 1917, 81, 332 ; A., i, 528 ; ihUL. 79. 3.5 ; A., i, 3C5. 

REP. — VOL. XIV. H 



194 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 


i ii this close way with apparently pure crystalline preparations. In 
the ease of growth-promoting vitamines the effective concentration 
may certainly be as small as that of such an agent as thrombo- 
kinase. Without knowing their origin, one cannot, of course, say, 
but I think it is possible that the natural leucines in Jacoby’s experi- 
ments were effective because they introduced an agen^ from which 
the synthetic product was, of course, free. At least I am glad of 
the opportunity of asserting that in experiments of the kind almost 
infinitesimal amounts of material must be reckoned with.^ 

I iiave given much space to Jacoby’s work because I think the 
ideas underlying it are suggestive. Unfortunately, it seems, how- 
ever, by no means certain that tlte substances which promote the 
formation of the endocellular ferment are, as the author supposes, 
its actual chemical precursors, able to throw light, therefore, on its 
constitution. It remains possible that they promote general meta- 
bolism and ^tilnulate the formation of the ferment only indirectly. 

The P<(ncrea<< and Diahetes. 

The e.xtraordiiiarily voluminous literature bearing on the influ- 
ence of the pancreas in carbohydrate metabolism continues to grow, 
although there is as yet no indication that a complete understand- 
ing of that influence is at hand. Whoever first thinks of tl*e 
experimentum cntcis which will give us clear light in this dark 
region will earn the gratitude of students of metabolism. A paper 
from tlie laboratorj' of G. Embden adds something definite to our 
knowledge. When dextrose is jierfused through the liver of a 
normal dog it is, in part, converted into lactic acid by a reaction 
which is reversible. If the animal be first depancreatised, however, 
it:, liver no longer yields lactic acid from perfused sugar, but aceto- 
acetic acid instead. Here is something very tangible, but, as is usual 
in this domain, it is by no means easy to correlate the new facts 
with the old. G. Winfield and I,'^ in experiments which have not 
yet been fully described, found that pancreas extracts inhibit the 
formation of lactic acid in muscle, and we regarded the result as 
further evidence to show that the pancreatic factor stabilises carbo- 
hydrate. There is iierhaps no actual contradiction in these two 
results, but correlation is difficult. J. R. Murlin''^ having found 
that when alkalis are introduced directly into the duodenum of 
diabetics there is diminution of the glycosuria and hyperglycsemia, 
and finding, further, that if in the dog the pylorus is tied or the 

G. Embden and S. Isaac, Zeitsch. ‘physiol. CJiem,, 1917, 99, 297 ; A., 
i, 496. 

’2 Proc. Physiol. Soc., 1915 ; J. Physiol., 50, V. 

‘2 J. R. Murlin and J. E. Sweet, J. Biol. Ghem., 1916, 28, 261 ; A., i, 104. 
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‘Homaeh . t-xcised before Puar-reatectcuiy, the uiyto-urii \vlu--h 
usualiy tollo’^vs the operatior i' prevente'I or -ieoi 'a- rha? 

when the paiiereatio operatioi. perri.rir.tf; iloiie :i I- the -e '..; t*: 
the ka^trie juice, unneutrali-'ed iu the .d feuce o: the ghiu.i. whieli 
poisons the liver and lead-i to £iyco^uria. L cainior think that 
these observation'- help towards an rin.te!>ti it luii .u l•hnical 
diabetes. 


^ (It/ff Trfni ;.. 

As one of tlie result* of an important research into the physio- 
logy of the parathyroid glands carried out in the laboratories of 
Glasgow University, ne are presented with a striking case of a 
circniating metabolite" of known cunsTit’it.tUi beariwg respousib.ltty 
for the control of a iionral : unction, and. when abnormaliy in- 
creased, for the production of pathological symi>toms. D Xoel 
Patou and L. Pindlay. whilst studying the condition of Tttat>i / 
j^drafJii/copi'ica, found that present view’s concerning the immediate 
cause of the tetany aiis unsatisfactory, and were led by certain 
suggestions in their work an^ others in the literature to consider 
the possibility that guanidine might be responsible for the lamiliai- 
picture ot the condition. They found on experiment that the 
.symptoms of guanidine poisoning closely resemble those pro'luced 
by removal of the parathyroids. D. Burns and J. E, Sharpe 
determined, by a 2>i'Ocess (satisfactorily controlled) which rhiidiefl 
by the weighing of the bases as gold salts, the guaiiicliue and 
methylguanidine in the blood and urine of normal and para- 
thyrectomised dogs, and in the urine of children suffering from 
idiopathic tetany. The amounts found in the pathological condi- 
tions were from five-fold to eight-fold normal. It was further found 
that there w’as close similarity in the metabolic disturbances pro- 
duced respectively by removal of the glands and by the administra- 
tion of a salt of guanidine. The conclusion drawn from these 
researches is that the parathyroids regulate the metabolism of 
guanidine, and thus indirectly control the tone of the muscles. 


Formation of Piijment in the Skin. 

The chemical mechanism by which jaigment is produced in the 
skin has always been a subject of curiosity, because of the great 
biological significance of epidermal coloration. On the discovery 
of the oxydases which produce black or coloured products from 
aromatic amino-acids, attention was naturally directed to them in 
this connexion. Tyrosinases, which certainly play a part in the 

Quart. J. exp. Physiol., 1917, 10, 175. 

H 2 
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production of Konie animal niflanins have been credited wilii 
ret-poiisibility for producing pkiu piginentaiion, but the evidence 
for this has never been strong. Tyrosine itself has not offered quite 
satisfactory evidence of being concerned in the process. B. Bloch 
lias recently found that 3 id-dihydroxyjDheii^/lalauine is undoubtedly 
acted on by a specific oxydase actually present in human and othei 
skins, oxidation and condensation leading under its infliieiice to the 
formation of a black pigment. The evidence to show that this is 
really a physiological phenomenon occurring during life seems to 
me strong. The precursor itself has not been foKiid in animal 
tissues or in the products of protein hydrolysis, but was isolated 
from the juice of Vida Fcivki by Guggenheim. It is possible, of 
course, that it is formed hi the animal body from tyrosine else- 
where than in the skin. The substance is endowed by Bloch with 
the iineuphonious ‘portmanteau' name ‘‘dopa.’' and we are to 
speak of ■ d op a oxydase " and ‘ dopamelaniii.” 

F* Gowland Hopkins. 

Zdtscli. physiol Chein., 1917# ICO, 226 ; /I., i, 075. 



AGRICULTURAL CHEMISTRY AXi) VEGETABLE 
PHY-SIOLOGY. 

Thk special ciicuitibtaiice that most countries M'here a';:.iicLili:n-a! 
science is studied are notv absorbed in vrar a soirewhat 

artificial air to many of the piiblLlied papers. The AVai lias 
revealed weak places in our agricultural systems and research pio- 
grainmes, which the more strenuous of the investigators are engaged 
in strengthening, and in the process they are overhauling their 
stock of ideas and evolving better and more living programmes for 
future work. It could scarcely be expected, however, that the 
weak places should be annoiVnced, and whatever information can 
be gleaned from what is stated or omitted in papers published 
elsewhere is better utilised in other ways In cenerii, the 
published work has dealt with old probltruib, bomo of which are 
obviously being rounded off and got out of the wa}” to make room 
for other and more important work that is not revealed. It seems 
inevitable, however, that agricultural science will benefit. The 
close co-operation now existing between the farm and the laboratory 
can scarcely fail to let in a flood of new ideas, facts inconsistent 
with old hypotheses, and new problems demanding solution, which 
will put out of the running many of the stock problems of the 
past, some of which were sadly out of touch with reality. This 
AYar is a great destroyer of artiiiciality, and is giving us an oppor- 
tunity of revising our ideas and gaining a truer perspective than 
we had in the more easy-going days of the past. 

Soil Chemhti'ij . 

The soil is made up of three components: mineral matter, organic 
matter, and soil moisture. The mineral matter is derived from the 
original rock; the particles liave been broken up aud decomposed 
until they are reduced to dimensions varying from I mm. in 
diameter downward, larger particles being regarded as gravel or 
small stones. Intimately mixed with these are residues of plants 
and animals in all stages of decomposition, aud the whole is kept 
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moist by the soil water. The larger mineral particles can be 
studied by petrographic methods. It has been shown ^ thaC calcium 
is most commonly present in the coarser materials, such as horn- 
blende, plagioclase, and epidote, with traces of other minerals. It 
does not appear, however, that the minerals recognised in the 
coarser i^articles are particular!}- active in the soil. Thus, neither 
orthoclase nor pegmatite appears to react with lime'^ with the 
liberation of potash, as might have been expected. These coarser 
]>articles seem to be more important from the physical than from 
the chemical point of view. 

Unfortunately, petrographic methods cannot be applied to the 
finer particles, the silts and the clay fraction, which contain by 
far the greater proportion of the reactive mineral matter of the 
soil, and no simple method has yet been devised to deal with these. 
Some information can be obtained by studying their reactions with 
other substances. vSo far as the more important fertilising sub- 
stances are concerned, the interactions have already been shown ^ 
to resemble adsorptions rather than double decompositions, and 
more recent worh^ with a number of salt solutions of varying con- 
centration shows that the ordinary adsorption equation holds very 
generally. 

In working out the details of the adsorption, it is found 
advantageous to use a dye, such as methylene-blue, instead of a 
salt as the adsorbed material; the phenomena are similar and the 
observations can be made much more rapidly. No relationship 
has yet been traced between the amount of adsorption and the 
amount of colloidal material in the soil,® nor is any simple method 
yet known for estimating the total amount of colloidal material, 
although some interesting results are promised from the physical 
side.® 

It is of considerable importance in soil management to be able 
to dislodge the adsorbed potassium from its loose combination so 
that it may become available as a plant nutrient, and a list has 
been drawn up showing the order of effectiveness of the various 
salts in this respect; ammonium chloride and calcium sulphate have 
been found to be considerably more effective than calcium 
carbonate. 

^ E. C. Shorey, W. H Eiy, and W. Hrizen, J. Agric Research, 1917,8, 57. 

® L. J. Brigg.s and J. F. Breazeale, ibid., 21 ; A., i, 511. 

® And again confirmed by I\. Miyake, Rod Rci , 1910, 3, 583 ; A., i, 24-7. 

who has studied the effect of various cations. 

^ J. E. Harris, J. Physical Chem., 1917, 23, 454 ; A., ii, 443. 

® W', Ciraf zu Leiningen, KoUoid-Zeitsch., 1916, 19, 165 ; A,, ii, 112. 

® H. A. Tempany, J. Agric. Sci., 1917, 8, 312. This paper deals par- 
iieularly with the .shrinkage of soils. 
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Tli^ inorgaiiiG phosphorus compoinids of the soil have received 
some atiTention. It is argued" that hydroxyapatite. 

(Ca^P.O,)Xa^6K... ' 

is the only calciuju phosphate likely to exist m the soil,. sinc-“ it 
alone is stable over the whole range of alkalinity and acidity known 
to occur in most soils. 

A considerable part of the ^oil phosphorus is in organic cojo- 
biiiatioii. and only becomes available for the plant when the 
organic matter is decomposed. Thus it was found that some of 
the soils of Brittany responding markedly to phosphates weie 
almost equally benefited by lime. Investigations showed^ that 
only little mineral idiosphate was present, but after appropriate 
treatment with lime, the amount became nearly doubled. 

The liquid phase of the system, commonly spoken of as the ?oii 
solution, is of great practical importance, because it is the inediiiin 
from which plants draw many of their elements of nutrition, and 
it has formed the subject of a great deal of discussion. It is b\ 
no means easy to remove it from the soil for e.xperinieutal pur- 
poses, because the soil possesses marked colloidal properties and 
great powers of adsorbing iibstances from solutions. A centri- 
fugal method of extraction has been used, but it is troublesome in 
application. Displacement methods would be easier if one could 
be certain that the adsorption relaiionshiiis were not thereby being 
upset; paraffin oil i" said® to be unobjectionable and effective, 
yielding a soil solution that contained 0'07 to 0T3 per cent, of 
total solids, which was thus more concentrated than ordinary drain- 
age water. The proportions of nitrogen, potassium, calcium, mag- 
nesium, and phosphorus were found to vary in the extracts obtained 
from various soils, and not to be constant, as had been anticipated 
on Whitney and Cameron's older vievsv 

A pressure method of extraction ha^. also proved effective, especi- 
ally for soils containing much clay or humus. In Eamann's 
laboratory, 3 kilos, of soil were subjected to a pressure of 300 kilos, 
per sq. cm. The amounts of calcium and of potassium were found 
to vary considerably in different extracts obtained from the surface 
soil, the proportions relative to the other constituents increasing 
as the solution became concentrated by dry weather and falling 
as the solution became diluted by rain. In extracts prepared from 
the subsoil, on the other hand, the amount of calcium showed less 
variation, except only for a rise at midsummer. There was evidence 
of a transportation of calcium and potassium from the subsoil to 

' H. Bassett, jun., T., 191", 111, 620 ; -4., ii, 413. 

® C. Vincent, Oompt. rend., 1917, 164,„409. 

S' J. F,_Morgan, 1917, 3, 531, 
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the surface during a prolonged period of drought. No indication 
was obtained, however, that soil adsorptions exercised afiy regu- 
lating effect on the concentration of the soil solution ; an exchange 
of bases took place only when the proportions between the dissolved 
substances were altered.^® The pressure method has also been 
adopted in van Zyl’s laboratory, and here again the concentration 
of the solution varied according to manurial treatment and the 
season of the year; it is claimed, however, that the percentage 
composition of the ash remained constant.^i A long, theoretical 
paper on the subject has also appeared pointing out the effects of 
the displacement of equilibrium by the action of *climale, plant 
roots, etc. 

Some of the reactions of the soil solution are very important . 
In certain circumstances, iron is dissolved in the upper layer of 
the soil and precipitated a little lower down, forming an 
impermeable layer or ‘•pan’' through which water will not pass. 
Formerly, this was considered to he au alternate oxidation and 
reduction, and the possibility of bacterial oxidation still remains.’'^ 
The action is now, however, generally regarded as a coagulation. 
This view has recently been critically discussed, and a study has 
been made of the effects of composition of soil, of climate, and of 
vegetation.'^'* 

Another and most important property of the soil solution is its ' 
reaction, whether acid, neutral, or alkaline. Plants -will only 
tolerate a limited range of variation, and some are much more 
susceptible than others. Periodical additions of lime or of calcium 
carbonate are needed in order that a j^roper reaction may he main- 
tained. Hitherto, the acidity has been expressed in terms of the 
amount of alkali or of lime necessary to effect neutralisation. If 
we knew the nature of the soil acids this would suffice, but we do 
not; the most diverse views are held, some regarding them as 
organic acids, some as iron and aluminium salts, whilst others deny 
the existence of acids and regard the phenomena as colloidal mani- 
festations. The present methods do not allow of sharp discrimina- 
tion between these conflicting ideas, and indeed it is possible that 
all three cases, and others as well, occur in nature. Evidence has 
been adduced to show that a clear distinction must be made 
between the base-absorbing power and the absolute acidity of the 

G. Ramanii, S. Marz, and H. Bauer, Ini. M'it. Bode'}ihn'i(le, IQlfi, 6, 27 ; 

311. 

“ J, P. van Zy], J. Landiu., 1910, 64 , 20l ; A., i, 4.39. 

O. Nolte, ibid., 1917, 65, 1 ; A., i, 621. 

P. E. Brown and G. B. Corson, Boil Sci., 1916, 2 , 549 ; A., i, 248, 

H St-i-emme, Kolloid-Zeitsch., 1917, 20 , 161 ; A., i, 512. 
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A new method is therefore needed. Sever il -ittempt? have 
been made to see if the livdrogen-ioii concenrration will £:ve useful 
information, and it seems quite promising. The drawoaek of rhe 
titration method is that it indicates only tlie amount and not thf 
nature of the acid present: it does not. tor example, show whether 
the acid is vigorous or only teeble in narnre. The hydroien-iou 
concentratjon does give this information. Sdreirsen showed some 
years ago that measurements of the hydrogen-ion concentration 
were of considerable value in daiiw investigations, and cleared up 
difficukies which appeared insoluble on the older methods. 
Attempts are*now being made to apply the method to the study 
of the soil. So far, only details of technique have received much 
attention j it is found that electrometric and colorimetric methods 
give substantially the same results. The exponents i cn the scheme 
suggested by Sorensen i”) vary in the soils so far examine .1 from 
4'4 to 8'6. As an instance of the possible use of the method, two 
soil types in Xorth IMaine have been studiedd^* Both are ex- 
tensively cropped with jiotatoes ; on one 'Washburn luainj the 
potato scab is common, on the other t^Cariboii loam) the scab is 
rare. In the former case tJae exponent is o‘2, in the latter it is 
O' 9, the more intense acidity oi the Washburn loam being beyond 
the limits of toleration for the organism-causing scab. Investiga- 
tions have shown that certain other micro-organisms cease to grow 
when the exponent is less than 5’3. It is also claimed that rose 
mildew only occurs within a certain limited range of soil reaction.-" 
The limits of tolerance of barley have been studied,-^ and the 
results show that the hydroxyl ion is even more toxic than the 
hydrogen ion; in practice, however, the hydroxjd-iou concentration 
is not likely to reach the toxic limit in normal soils. 

The third great component of the soil complex is the organic 
matter. This is largely derived from jilants, and its characteristic 
is that it is perpetually undergoing decomposition, so that ail stages 
are present, from the original plant constituents, the starting point 
in the long chain of decomposition, to the final products, carbonic 
acid, nitrates, and 'water. 

H. R. Chi'isiensen, Soil ScL, 1917, 4, llo; A., i, 6S4 ; compare also 
C. J. Schollenberger, Soil ScL, 1917, 3, 279 ; A., i, 440. 

L. J. Gillespie, J. Washington Acad. ScL, 1916, 6, 7 : A., 1916, i, 303. 

S. P. L. Sorensen, Biochem. Zeitsch., 1909, 21, 131 ; A., 19o9, i, S61. 

L. J. Gillespie, and L. A. Hurst, Soil Sci., 1917, 4, 313. 

IS W. M. Clark and H. A. Lubs, J. Bad., 1917, 2, 1- Other 

measurements are recorded by O. M. Gruzit, Soil Sci., 1917, 3, 289 ; A., 
i, 430. 

A. Stutzer, Biochem^ Zeitsch., 1917, 80, 143 ; A., i., 439. 

D. R'. Hoagland, Soil Sci., 1917, 3, 547 ; A., i, 619. 
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The general method of investigation is to study the decomposition 
of plant constituents in the laboratory, and then to see "whether 
the same products occur in the soil ; if they are present in quantity, 
it is assumed that the process in the soil has been identical with 
that in the laboratory. Most of this w'ork has been done in the 
United States, very little having been achieved in this country. 
Two main groups of compounds have been studied, the 
proteins and the carbohydrates. Perhaps the most striking pro- 
duct, and certainly the one that for long claimed most attention, 
is humus, a black, rather indefinite substance, soluble in- dilute 
alkalis, but largely precipitated on addition of acids. A similar- 
looking substance has been prepared in the laboratory by the inter- 
action of reducing sugars and amiiio-acicls,-- and attempts have 
been made to establish the identity of this artificial black substance 
with soil humus ; proof of the identity wmuld represent a great 
advance in soil chemistry. In other investigations,-^ sucrose or 
some other polysaccharide occurring in plants is heated or treated 
with acids, and the product is studied in the hope that some light 
will thereby be thrown on the formation of humus in the soil; the 
information obtained does not always, however, necessarily bear 
directly on the soil problem. Recently, doubts have been expressed 
whether the soluble part of the humus really is as important a soil 
constituent as the older chemists thought. Weir showed in 
1915 that soil from which soluble humus had been largely removed 
by alkalis "was as productive as the original soil. The experiment 
is not entirely convincing, because of the possibility that other 
changes brought about by the treatment might obscure the effect, 
but at any rate it throws doubt on the traditional view that soluble 
humus is indispensable to soil fertility. It is urged in favour of 
this view that soils w^hich are made productive by the addition of 
organic manures contain quantities of humus proportional to the 
growth of the crop,^® but the experiment really only proves that 
the quantities of humus are proportional to the added manure. A 
sounder method has been followed by Gortner,^^ who shows that 
fresh vegetable matter yields to alkalis an extract which is verv 
similar to that yielded by soil, except that it is colourless, and 
further, that the amount of humus is greatest immediately after 
the manure is added and before the supposed humifying organisms 
““ L. C. Maillard, Cliim., 1917, [ix], 7, 113 ; A., i. 251. 

Miss M. Cimningham and C. Doree, T.. 1917, 111, 589 ; A., i, ,513. 
A. Troussov, Selskoie Khoziaistvo i Lesovodstvo. Petrngrad, 1914, 74. 233 ■ 
A., i, 189. 

W. Weir, J. Agric. Sci., 1915, 7, 246. 

R. H. Carr, SoU Sci., 1917, 4, 515. 

H. A. Gortner, ibid., 1916, 2, 39.5, .539; 1917, 3, 1 : .4., i, 248, 311. 
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have bej;uii to work. It is therefore argued that the soluble humus 
i.s not a soil product at all; the black pigment only is the resnit 
of soil decompbsitious, but this forms not more than hO to 4n ppi 
cent, of the soluble humus, it contains only a relatively small pio- 
portiou of the soil nitrogen, and is of no great importance in the 
problem of soil fertility. In this investigation, also, no evidence 
could be obtained that the phosphorus compounds in the alkaline 
extract were of more value to 2 >lauts than those extracted by acids, 
as had been assumed by Grandeau and ta.ught by his school. 

Turhing now to the second great group of plant 25i’oclucts, the 
]iroteins in the plant break down in the soil with the formation of 
ammonia, which oxidises to nitrites and linally to nitrate. The 
first stage in the process is supposed to be the ordinary 2 m' 0 Lein 
degradation studied in the laboratory. The van Sh'ke method of 
protein analysis has been applied to a number of soils of various 
types, and the results show that the distribution of the nitrogen 
among the various fractions is substantially the same in all the 
soils examined. It i^ assumed, therefore, that the same organic 
compounds of nitrogen occur widely in different soil types. It is 
not possible to compare the figures with those directly obtained in 
the laboratory hydrolysis of protein, because the 23i'eseuce of the 
soil mineral matter somewhat affects the result. 

Besides these attempts to group the soil constituents, efforts 
have been made, also largely in the United States, to isolate and 
identify individual compounds present. The number of possibili- 
ties is considerable, and the labour involved is correspondingly 
great, but a good deal of success has been achieved. This year 
two new constituents have been isolated, namely, cyanuric acid ^8 
and a-crotonic acid;-® the latter possibly arises from cellulose 
through the intermediary of the ;3-hydroxy-acids, or else from allyl 
cyanide, which is present in the ethereal oils of certain plants. 

Ill addition to this descriptive work, attempts have been made 
to trace out the mechanism of the change. Micro-organisms appear 
to be the active agents, and a vast amount of work has been done 
to elucidate their relationships to one another and to soil fertility. 
A great cycle of changes has been recognised ; in the up grade, the 
living plant takes up the nitrates and other simple salts from the 
soil and elaborates them into com 2 ilex organic substances rich in 
energy derived from sunlight; in the down gi-ade, the organisms in 
the soil decompose the dead leaves, stems, etc., of the plants, pro- 

C. A. Morrow and R. A. Gortner, Soil Sci., 1917, 3, 397 ; A., i, 512. 

L. E. Wise and E. H. Walters, J. Agric. Besearch, 1917, 10, 85 ,- A., 
i, 622. 

28 E. H. Walters and L. E. Wise, ibid., 1916, 6, 104.3 ; A., i, 376. 
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diiciiig again Uie simpler salts {jut ot wliicli tlie plant liad built 
up its substance, and liberating in the process the energy stored 
up by the plant during its lifetime, which energy' serves for the 
needs of the soil pojiulation. In an extended series of observations 
on the Rothamsted plots, the curves showing the rate of production 
of carbon dioxide and of nitrate sufficiently resemble the curves 
for the bacterial numbers as revealed by counts on gelktin plates 
to justify the view that a causal relationship exists betiveen these 
quantities.^^ The curve for nitrate accumulation, however, always 
lagged two or three w’eeks behind that for bacterial numbei's, thus 
indicating that the formation of nitrate is dependent on some 
previous change, which in turn is dependent on the bacterial 
numbers. An obvious possibility is that the first change is the 
production of ammonia, which goes on simultaneously with the 
increase in bacterial numbers, and that this is followed by the 
production of nitrate, which is indej^endent of the organisms 
counted on the gelatin plates; the lag then would represent the 
time required for the conversion of ammonia into nitrate. This 
is not a sufficient explanation, however, because it is known that 
the amount of ammonia in the soil is ‘'normally at a minimum, and 
therefore that the rate of conversion of ammonia into nitrate must 
equal or be greater than that of the production of ammonia. If^ 
we are to regard the curves as related, the dividing up of the reac- 
tions must go further back, and the formation of ammonia must be 
supposed to involve two stages, the first being brought about by 
bacteria capable of growing on gelatin plates, and therefore fluctu- 
ating according to the numbers there recorded, whilst the second is 
subsequently and more slowly brought about by the organisms, or in 
another way. This delay in the production of ammonia has also 
been observed in studies on protein bacteriolysis.s^ It has been 
argued 33 that the rate of the production of ammonia can be ex- 
pressed by the usual equation for autocatalysis, namely, 
log,f = where a? = amount of ammonia produced at 

time t, total ammonia produced during the process, and 
i^i = time in which half the total ammonia is produced; if this 
observation should turn out to be well founded, it would throw 
important light on the whole process. 

Another observation that may have an important bearing on 

E. J. Russell and A. Appleyard, J. Agric. ScL, 1917, 8, 385. 

E. J. Russell, ibid., 1910, 3 , 233; confirmed by P. L, Gainey, Soil Sci., 
1917, 3 , 399; A., i, 529. 

32 R. H. Robinson and H. V. Tartar, J. Biol. ahem.. 1917, 30 , 135; A., 
i, 49S. 

33 K. Miyake, Soil Sc.i., 1917, 4 , 321 ; A.,i, 718. 
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the subject is that soil organisms appear by preference to attack 
carbohydrates, and so long as they can get these they make very 
little effort to break down proteins and release ammonia. 

It must not be assumed that bacteria are the only organi>m- 
concerned in the decomposition procesbe^^. Evidence i^ accumu- 
lating that there is a characteristic fungal ffora in the soil which 
also plays a part in the reactions.^^ 

The circumstance that semi-arid sods form a laroe area in the 
United States has led investigators to consider whether the ^ohlble 
salts occurrii'hg in tl>ese soils caube any fundamental modit] cation 
in the bacterial decompositions takinc place there. Xo funda- 
mental difference has been observed, although there are indications 
of certain differences. For example, in the case of humid soils, the 
rate at which ammonia is produced from organic subbtauce', such 
as dried blood, mixed with the soil often gives a useful indication 
of the fertilising values. In arid soils, however, the rate at which 
nitrate is produced is considered to give a better indication.'^'’' If 
this should turn out t(?be correct, it would indicate that nitrifying 
bacteria are affected by the soil conditions in much the same way 
as the higher plants, whilst some of the ammonifying organisms are 
not, A certain amount of evidence in this direction has been 
adduced.®" The effect of irrigation has been studied in some detail, 
and data have been accumulated; it was lonnd®^ undei the condi- 
tions obtaining at Utah that the growth of a crop caused an mcreabe 
in the number of the organisms (presumably because of the crop 
residues thereby added to the soil), and that watering the fallow 
soil also caused an increase, whilst watering the cropped soil diil 
not. It is possible that the failure of the bacteria to increase in 
numbers is brought about by some other limiting factor, which 
begins to operate when the numbers reach the 6 or 7 millions jjer 
gram attained in these experiments. 

More important, however, than the watering is the effect of the 
soluble salts usually present in some arid soils. The effect is com- 
plex and variable.®^ Broadly speaking, the acid radicle is found 
to play the more important part in controlling the rate of produc- 
tion of ammonia, the order of decreasing toxicity being usually: 
chlorides, nitrates, sulphates, carbonates. The phenomena closely 

S. A. Waksman, J. Atner. Chem. Soc,, 1917, 39 . 1503 ; A., i, 613. 

35 S. A. Waksman, Soil ScL, 1917, 3 , 565. 

3'^ C. B. Lipman and P. S. Burgess, ibid., 3 , 63 ; A., i, 24-3. 

3’ P. E. Brown and E. B. Hitchcock, ibid., 4 , 207 ; A., i, 717. 

35 J. J. Greaves, B, Stewart, and C. T. Hirst, J. Agric. Research, 1917, 
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« J. J. Greaves, Soil Scr., 1916, 2 , 443 ; A., i, 243. 
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I'esemble those shown by plants; in each ease, similar quantities of 
the various salts cause similar reductions in growth, and in each 
case, also, the toxicity of certain salts is readily counteracted by 
the addition of sufficient calcium salt.^i Whilst the increased 
osmotic pressure exerted by the added salts is no doubt an important 
factor, it is probably not the only one in retarding bacterial activity 
in the soil. 

It was shown some years ago that the organisms decomposing 
the plant residues, with the production of ammonia and nitrate, 
cannot be regarded as the sole inhabitants of- the soil ; there' exists 
another group, including the soil amceb® and possibly other forms, 
which on the whole are detrimental, but are more readily killed ; 
hence partial sterilisation of the soil increases the rate of the pro- 
duction of nitrate, and therefore the fertility of the soil. Since 
this view was first published in 1909, there has been a consider- 
able volume of research on the subject, which has recently 
been conveniently summarised ; well above 300 papers are 
discussed. 

It has been supposed that some physical effect is brought about 
during the j)artial sterilisation, but it is not clear that this would 
play any great part in the matter, because the increased fertility 
is no more when the soil is extracted with the antiseptic (for 
example, toluene) than when the two are sj^nply brought into 
contact.^^ 

Simultaneously with the laboratory investigations, attempts are 
being made to apply the results in practice, in this country in 
glasshouse culture and in France in outdoor nursery work. 
Toluene, carbon disulphide, and bleaching powder are- all effective 
agents;^® an emulsion of carbon disulphide is proving very satis- 
factory at the National Reconstruction Nurseries at Versailles. 

No review of chemical and biochemical investigations of the soil 
would be complete without some reference to the work on soil 
physics. The problem attracting most attention is the relation- 
ship between the solid and the liquid components of the soil, 
especially the distribution of the liquid between the soil and the 
plant. Freezing-point determinations have indicated a connexion 
between the concentration of the soil solution and that of 
the root sap, which becomes especially marked at a certain low 

« G. P. Koch, J. Biol Chem., 1917, 31, 411 ; A., i, 622. 

E- J Russell and H. B. Hutchinson, J. Agric, ScL, 1909, 3, 111- 

N. Kopeloff and D. A. Coleman, Soil Sci., 1917, 3, 197. 

J. P. du Buisson, ibid., 353 ; A., i, 529. 
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water .content of the poil.^- Relationships are also indicated 
between the amount of so-called " iinfree" water {the v/ater which, 
according to dilatometer measurements, does not freeze at 
— 3°) and the* so-called wilting coefficient, or water that is not 
available to plants.^^ Further, work has been done on the 
relationship between the so-called "hygroscopic coefficient, " the 
amount of moisture absorbed by dry soil from a moist atmo- 
sphere and the water-holding capacity of the soil.^'^' Xumerotis 
measTjrements of the movement and distribution of water in soils 
hav.e also bean collected and discussed.-"^ 

Critical examinations are much needed of these various 
"coefficients” that have been set up from time to time by different 
investigators. The permeability of the soil to water, which is no 
doubt a related phenomenon, is infiiienced by the presence of dis- 
solved salts, and the effect is probably as much chemical as it is 
physical in character, It is shown also that the electrical con- 
ductivity of the salts is much affected by the soil colloids.^® 

S(j!f <tu<l Soi/ Sarre/zi. 

Evidence is gradually accumulating that a twofold origin must 
be sought for the soluble salts in alkali soils. Formerly, it was 
held that the whole of the salts arose by weathering, and remained 
in situ because the rain was insufficient to wash them out. Xow it 
is considered that this action, although it may take place, is too 
restricted to account for all the jffienomena. The alkali is 
supposed to arise mainly from salts pre-existing in the underlying 
rock and deposited originally from the inland seas and lagoons 
which in past geological ages occurred in the regions in question. 
These salts are brought to the surface by irrigation water as soon 
as irrigation begins, and they come into contact with other salts 
also carried by the water or present in the soil; various inter- 
actions then take place. These account for the salts actually 
found on the surface ; the investigations are also suggesting methods 
by which the trouble can be overcome. The possible effect of 
colloidal humus substances has also been discussed.^® 

« M. M. McCool and C. E. AliUar, Soil Sci . 1917, 3, 119. 

G. J. Bouyoucos, J. Agric. Research, 1917, 8, 19fi : A., i, 510. 
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Soil Surveys . — During the year, an interesting survey of the 
soils of North Wales has been published, and the relationships 
between the various soils is discussed.®® The soils dilfer from those 
examined by Hall and Russell; in particular, th^ir coarse frac- 
tions are much more complex in composition, containing quantities 
of alumina and iron oxides instead of being composed almost wholly 
of silica. They resemble the “ Steinboden ’’ of Ramami, and form 
an interesting contrast with those hitherto studied in this country. 
It is gratifying that an investigation into their characteristiijs has 
been undertaken ; it may reasonably be exi^acted to throw niuch 
light on maiiv of the problems of soil formation. 


Man urcs. 

In this part of the subject much more work has probably been 
done than has been published. The reason for this reticence is 
mainly the intimate relationship between fertilisers and explosives. 

The nitrogenous fertilisers naturally attract most attention. 
Ever since Sir William Crookes’s famous address to the British 
Association in 1898, chemists have attempted to prepare nitrogenous 
fertilisers direct from atmospheric nitrogen. The problem has 
been solved, and enormous quantities of ammonia and of nitric 
acid are now being synthesised on the Continent. A sufficiently 
general account of some of the British experiments has been 
issued. It may be inferred that very considerable quantities of 
these substances will be av'ailable as fertilisers after the War, and 
that agricultural practice will undergo certain modifications in 
consequence. 

Calcium cyanamide, in particular, is likely to come into con- 
siderably extended use. As hitherto prepared, it suffers from the 
drawback that it is too fine a powder to be easily applied to the 
soil; it blows about, gets into the eyes, ears, and noses of the 
workmen, and is a cause of considerable friction with them. One 
method of overcoming the difficulty, said to be successful in 
Germany, is to add 15 per cent, of coal tar.®^ Another method 
gives a product satisfactory from the physical point of view, but 
not from the chemical, since it leads to a certain amount of poly- 
merisation to dicyanodiamide. Indeed, perhaps the chief draw- 
back to cyanamide is that it is liable in certain circumstances to 
change to dicyanodiamide, which has little if any fertilising action, 
and is even harmful in excess. It is essential for the success of 

G. W. Robinson, Agric. Sci., 1917, 8, 338. 

E. B. Maxted, J. Soc. Chem. Ind., 1917, 36, 777 ; A. ii, 465. 

Sehmoeger and Lucks, Mitt. deut. Landw. QeselL, 1917, No. 10, 156. 
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the new industry that, this change should he studied very fully 
and that some method of reversal should be discovered. Several 
methods of estimating' the amount of dicyanodiamide have been 
devised, based an the fact that cyanamide gives a i^recipitate with 
silver nitrate and ammonia, whilst dicyanodiamide does not.®® 

Investigations have also been published on the constitution oi 
cyanamide?,®® and a reaction which yields guanidine/’^ which may 
help to throw light on the transformation it undergoe^ io the soil. 

It is well known that sulphate of ammonia produces harmful 
effect^ in acid soils, but whether this resuit> from increased acidiiy 
due'to removal of aimnonia or to some delinite toxic effect of tlie 
salt itself is not clear. Evidence has this year been adduced to 
show that the latter is the cause®- where barley is concerned; on 
the other hand, the results with buckwheat appeared to be 
different. 

The shortage of nitrates and ammonium salts has brought into 
prominence other possible sources of nitrogen. Eirst and fore- 
most, it is essential to economise as mnch as possible the nitrogen 
compounds in the farmyard manure produced on the farm itself, 
which is by far the comraonest and the most important of all 
manures. In this country, some 37 million tons of farmyard 
manure are produced annually, worth probably about £ll,000,{t0<) ; 
all other fertilisers consumed in the United Kingdom added together 
do not exceed I'l million tons per annum, worth about £-1,540.000. 
It has been shown that the losses of nitrogen from farmyard 
manure as ordinarily treated on the farm may easily amount io 
one-half of the total quantity, whilst the value of the lost material 
is still higher, because the most available compounds go first. The 
investigation showed that loss was due to three causes : washing out 
of soluble compounds by rain-water percolating through the heap, 
volatilisation of ammonia, and an evolution of gat.eons nitrogen. 
This last reaction was studied in considerable detail. It -was found 
not to go on under complete anaerobic or complete aerobic condi- 
tions; thus it is neither a simple reduction nor a siniiDle oxidation. 
It requires a combination of aerobic and anaerobic conditions, such 
as readily occurs in an ordinary manure heap, and a general hypo- 
thesis is put forward to account for the reaction. The investiga- 

G, Hager and J. Zeitsclt. angeiv. Chem., 1917, 30, 1, 53 ; .4 , ii, 51 S ; 
A. Stutzer, Zeitsch. angew. Chem., 1916, 29 , 417 ; A., ii, 159. 

E. Colson, T., 1917, 111 , 554 ; A., i, 448 ; compare also E. A. Werner, 
T., 1916, 109 , 1325 ; A., i, 82. 

61 E. Schmidt, Arch. Pharyn., 1916, 254 , 626 ; A., i, 449. 

62 H. G. Soderbanm, Bied. Zentr., 1916, 45 , 454 ; A., i, 192. 

63 R. C. Cook, and F. E. Allison, Soil Sci., 1917, 3, 487 ; A., i, 623. 
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tioD brought out the fact that the ideal conditions for storage 
are complete absence of air and a temperature of about 26°; under 
these conditions no loss of nitrogen occurs, but only a breaking 
clown of the complex nitrogen compounds with thie formation of 
ammonia, which is entirely beneficial. "These conditions are not 
attained on an ordinary farm, but investigations have been put 
in hand to devise methods for securing them. 

Attempts have been made to reduce the loss of nitrogen by 
admixture of various substances, and it is claimed that both gypsum 
and sulphur are effective.®^ In a long-continued series of field 
trials at Ohio,^^ the addition of gypsum to farmyard manure was 
found to be beneficial. It is arguable, how^ever, that the result is 
due to the -well-known beneficial effect of gypsum in alkaline 
conditions. 

Attempts have also been made to utilise the fermentation pro- 
cesses of the manure heap for increasing the solubility of the phos- 
phate in rock phosphate. The older efforts at mixing rock 
phosphate -with manure gave no clear indiGations of any increase 
in solubility; it is claimed,®'' however, that the further addition of 
sulphur does bring this about. 

In order to reduce the fly pest in manure heaps, American ex- 
perimenters have suggested the addition of boron compounds. 
Experiments have been made to ascertain whether quantities 
effective as a larvicide are harmful to the crop. It appears that 
they are not; the soluble borates, which would be injurious if they 
remained as such, are converted in the heap into insoluble and 
innocuous compounds.®® 

The liquid manure which drains away from the heap or the 
stables is rich both in nitrogen and in potash, and considerable 
attention has been paid to the jDroper method of storing and using 
it. In Germany this is regarded as one of the best ways of over- 
coming the shortage of nitrogen fertilisers of which agricultural 
writers are complaining,®® A method said to answer well is to 
store the liquid in a tank under a floating wooden cover, and then 
to cover the whole with a thin layer of oil. This keeps out air 
and reduces loss of nitrogen.''® 

New sources of nitrogenous fertilisers are being exploited. The 

J. W. Ames and T. E. Richmond, Soil Sci., 1917, 4, 79. 

Ohio Agric. Expt. Station., Cire. 144. 

P. E. Brown and H. W. Warnei*. Soil Sci., 1917, 4, 269. J. G. Lipman 
and H. C. McLean, ibid., 337, 

F. C. Cook and J. B. Wilson, J. Agric. Research, 1917, 10, .591 ; A., 
1, 721. 

®® E. Blanck, Fuhlings Landw. Zeit., 1917, 265. 
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fertilisjlng value of city wastes is receiving attention in AinericH. 
and it is shown that city refuse can be treated so as to yield both 
fat and a fertiliser. 

Efforts are ^Iso being made to obtain a fertiliser from waste 
leather which cannot be used otherwise. The leather is digested 
with sulphuric acid until it dissolves; on cooling, it sets to a glue- 
like substance, which can be ground to a powder. So far, the 
product has not commended itself to agricultural chemists in this 
country, but it is used in some countries as a base in compounding 
mixed mantles ; tha French experiments appear to have been more 
successful than others. 

The methods of analysis of organic manures of this kind, many 
of which are very indefinite in composition, are naturally rather 
conventional; reasons have been adduced for preferring the direct 
nitrification test rather than the animonification test,"^ although 
the alkaline permanganate method is also said to give good results."^ 

Much more interesting than these attempts to find new fertilisers 
(valuable although these are) are the efforts to utilise bacteria as 
agents in nitrogen fixation. The method is attractive, because it 
seems to hold out the prospect of getting something for nothing, 
which always appeals to frail humanity. Certain bacteria are 
known to absorb gaseous nitrogen and build it up into protein. 
This process has been carried out on the laboratory scale, and the 
necessary conditions are tolerably well known; there is no funda- 
mental reason why it should not succeed on the large scale. Two 
types of organisms can bring it about : free living organisms such 
as Azotohacter, and organisms living in or symbiotic with legu- 
minous plants, clover, etc. Since the reaction is endothermic, it is 
obviously necessary to supply a source of energy; easily oxidisable 
carbohydrates are found the most suitable. This, of course, limits 
the practical possibilities, mannitol, perhaps the most suitable 
source of energy for Azotohuettr, being very costly. The 
pentosans, however, are found to answer, and these are more 
common; it has been shown that horse faeces favour the fixation, 
but their value depends on the diet the animal is receiving, being 
considerably higher on a corn and hay diet than on one of grass ; 
under favourable conditions, 4 milligrams of nitrogen are fixed for 
every gram of fffices oxidised. Bullock faeces also serve so long as 

” P. J. Sehroeder, J. Ind. Eng. Chem.. 1917, 9, r>13. 

R. Guillin, Ann, Sci. Agron., 1916, 33, 337. 
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the animal is receiving cake, hut not when he receives grass only. 
The investigation opens up a number of interesting possibilities. 

Attempts have been made to increase the effectiveness of the 
clover organism by inoculating suitable strains on d:he seed before 
sowing, and this method is being recommended in Germany to 
help in overcoming the shortage of nitrogenous manures and 
proteins."^ It appears also that inoculation of non-l6guminous 
crops with nitrogen-fixing organisms has been attempted, although 
full details are not yet available.'" Danish trials made between 
1905 and 1910 have again been summarised ; .inoculation is snown 
to have been effective for the first and second years on lucerne 
and lupines growing on umnannred laud."^ E,ussian experiments 
have also given satisfactory results, the increase generally varying 
from 20 to 40 per cent.'^^ 

The shutting off of the supplies of Stassfurt salts has led to 
many efforts to obtain potassium salts from other sources. Whilst 
these efforts are not yet completely successful, they hold out con- 
siderable promise for the future. Blast -furn^ace flue dust is being 
used as raw material in this country and the wash-water from 
wool scouring has been suggested. Xn the United States, dust 
from cement works, kelp, and certain natural deposits of salts in 
some of the Western States of America ^ are being used ; the total 
output in 1916 was equivalent to 10,000 ''‘short” tons of potash 
(KoO), this being ten times the output for 1915.^^ In the mean- 
time, substitutes are being suggested. Sodium salts have long- 
been known to serve, and the Rothaiusted experiments have shown 
that both the sulphate and the chloride are effective for a period 
of years, although not, of course, jDermaueiitly. They are being 
widely recommended as partial substitutes for potash even in 

L. Hiltiier, “ Yermehrte Futtergewinnung aus der heimiseben Pflanzcn- 
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OerinaHv, wliere, contrary to expectation, liie sliortd^e of putatjbiiuu 
salts a|)pears to be felt.'^' CTroiincl plionolite i- being recotiimendeil 
in Austria as a substitute for Stassfurt salts."'' 

G-ypsum is <jfteu said to increase tke supplies of potasii to tlie 
plant, but on wlioll\' inadequate grounds; the Rothainsted experi- 
ments are completely against this view. American experiem-e 
shows, hotvever, that gypsum is undeniably a good fertiliser at time^. 
It appears to act best on alkaline soils; it should never be used on 
an acid soil.®' Its effectiveness appears to depend on the reaction 
of the soil, l^eing determined by jihysiological basicity, and not by 
shortage of potash. 

Lime is also considered to increase the supplies of potash to the 
plant by breaking down the complex insoluble compounds in the 
soil, but here there are other and more imjDortant actions a? well, 
in particular the neutralisation of acidity in the soil and the 
improvement of the physical condition of the da}’. Limestone also 
serves, but in this case much deiDends on the size of the particles. 
The finer the grindimg, the greater is the activity. In practice, 
however, there is no advantage, and some disadvantage, in going 
beyond the sieves having ^ to SO meshes to the linear inch.®® 

The action of sodium and magnesium salts on wheat has been 
tested in the 'Woburn pot-culture exj^eriments.®^ In each case, the 
effect depends on the anion. Magnesium oxide had previously 
been shown to cause a marked increase in the nitrogen content of 
the grain; magnesium sulphate did not have this effect, although 
it caused an increase both in grain and in straw ; the chloride also 
caused an increase at low concentrations, but proved toxic at higher 
concentrations. Sodium compounds behave in similar manner; the 
hydrate and carbonate increased the crop and also the percentage 
of nitrogen in the grain; the chloride gave at low concentrations 
an increase and at higher concentrations a decrease, whilst the 
sulphate gave the increase onlj^ These results are similar to those 
recorded on p. 212 ; they differ, however, from the water-culture 
results obtained by Breazeale.®® 

The calcium phosphates, both natural and artificial, have con- 
tinued to receive attention. It is shown that tricalcium phosphate 
and hydroxyapatite [(Ca3P203)3,Ca(0H)2] are the only two plios- 
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phates which can. exist in stable equilibrium with an aqueous solu- 
tion at 25°, and probably at other temperatures also. It is t’urthei’ 
bUggesiecl that hone jiliosphate is a mixture ot hydroxyapatite and 
calcium carbonate with small quantities of ads&rbed hydrogen 
carbonates of sodium, potassium, and inagiiesiuni. The mineral 
phosphates have also been discussed and a series of constitutions 
suggested, based on the proportions of calcium and pho^ohorus in 
successive extracts and also on the changes observed on heating the 
phosphate.'^- Artificially prepared phosphates have been examined 
and their solubility in citric acid demonstrated.^^ 


riant Growth. 

It is well known that germination goes on best in pure water; 
dissolved substances usually cause a retardation, and at higher 
concentrations inhibit germination. The limiting concentrations of 
lion-toxic salts which just prevent germination show an interesting 
relationship. When expressed in gram-molecules per litre, they 
were, for sucrose, sodium chloride, and potassium ferrocyanide, as 
1:2:5, these numbers being also proportional to the number of 
ions formed by dissociation.®’* 

After germination, the seedling usually has a sufficient supply of 
nutrient from the reserves stored in the seed to allow growth to go 
on for some time. Thus when peas are put into ordinary distilled 
water prepared in glass vessels, they will germinate and make con- 
siderable growth without further additions. If, however, the 
experiment is made in quartz vessels with very pure water distilled 
into a quartz condenser and receiver, then growth very rapidly 
stops, and the roots are glabrous and not hairy.®“ The view that 
pure water is toxic could not be sustained; it was shown that the 
stoppage arose from the circumstance that seedling growth is limited 
by the amount of calcium present. The reserves of calcium in the 
seed are only small, and as pure water stored in quartz vessels is 
free from calcium, it does not allow of further growth. Distilled 
water, however, dissolves out sufficient calcium from ordinary glass 
vessels to keep the plant going for some time. 

Sodium chloride and ammonium sulphate produced much smaller 
effects, which were traced to the liberation of calcium from the 
envelopes of the grain. Curiously enough, however, excess of 
calcium also prevents the formation of root hairs on Lepidinjn 
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i^nfiviiin (ordinary It is suggested tliat tlii? i-. an inloxica 

lion effect. 

The circunrstanee that the >hoitaue oi caiciutn in liie 'ted 
seriously limits* growiii imiesb it is made good lends some Loloiir to 
ail Italian suggestion for manuring the crop by soaking the seed 
111 solutions of the nutrient salts rather than applying these salts 
to the soil as manures. It is claimed that the plant has most need 
of the salts during the early periods of its life, and therefore that 
they should be supplied at the outset so that they can be absorbed 
at oiice®' without of los&. It is claimed that considerable 

improvement in crop production is obtained thereby, but no great 
number of experiments has yet been made. 

Plant Growth . — Few problems in connexion with the growth of 
plants have been more frequently investigated than the possibility 
of root excretions. In the earlier days, plants were supposed to be 
analogous to animals, and excretions from the roots were assumed 
as a matter of course; this view has always remained jiopular 
among practical men, Later on, when the soil was regarded as a 
mineral mass and the changes going on were considered to be purely 
chemical, it seemed natui-dl to suppose that the root excretions 
should be acid and should dissolve some of the soil substances for 
the use of the plant. Still later, when it was recognised that the 
soil was the abode of vast numbers of organisms, biinging about 
the most varied changes, the necessity for assuming root excretions 
disappeared, and a more critical investigation of the evidence 
seemed to show that nothing more than carbonic acid was involved. 
As the well-known experiment on colouring of litmus paper or the 
corrosion of marble by plant roots is ordinarily done, the roots run 
considerable risk of being broken, when, of course, some of the acid 
sap may exude.®® The experiment has therefore been repeated by 
growing plants in gelose coloured blue with tournesol. A rose 
colour is duly produced, showing that the medium becomes acid, 
and under the conditions of the experiment there is no possibility 
of root fracture. The action is not, however, confined to root hairs, 
as was formerly supposed; it extends to all the surface cells of the 
bark, both in the hairy and the glabrous regions ; it begins directly 
the root is formed and continues all through the life of the plant. 
The author suggests, but without offering proof, that the acid is 
malic acid. 

One of the difficulties in the way of accepting the view that plant 
roots excrete any quantity of acid is the circumstance that the 

H. Coupin, Compt. rend., 1917, 164, 641. 

C. Rossi, “ ISTnovo processo per la cultivazione dei cereali,” Milan, 1917. 

IT. Conpin, Compt. rend., 1917, 165, 564. 



216 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 


water or saud used as tlie medium tends to become alkaline after 
a time. It is shown™ that plants vary in this respect; yellow 
lupine (Lupimis luteus), and to some extent buckwhtat and hemp, 
accumulate no bases in the solution, but tend to» make it acid, 
whilst Camelitut sativu leaves an alkaline residue which injures the 
crop if it accumulates. From the narrow point of view of technique 
this is interesting, because it indicates that modificaticms of the 
formula for a culture solution which hinder the accumulation of 
bases in the solution during plant growth are likely to be beneficial. 
From the broader, physiological point of view the observations 
afford interesting evidence of the kind of interaction taking place 
between the plant root and the soil solution. The changes in reac- 
tion are not necessarily due to root excretions, but might be caused 
Ijy selective absorption; certain ions are more needed than others, 
and are therefore taken up to a greater extent, whilst those left 
unabsorbed impart the reaction to the solution. 

Selective absorption does not, however, explain another set of 
phenomena investigated at the Woburn Frui^} Farm. Plants suffer 
very considerable diminution in growth when they are grown in 
such a way that the water supplied to them has had to come in 
contact with the roots of other growing crops.^ 

The effect is quite general; it is produced by all the plants ex- 
amined, The water does not retain this toxic character for long, 
and if exposed to air the toxin is not only lost, but converted into 
something useful to the plant. Accepting the obvious explanation 
that the roots excrete a toxin, it appears to be necessary to sup- 
pose, further, that a plant is at least as much affected by its own 
toxins as by those produced by its neighbours. Plants grown in 
pots divided up into compartments, so that each individual root . 
was kept distinct from its neighbour, made no better growth than 
]>lants grown in undivided pots, where the roots of the different 
plants mingled freely. Further, within certain limits as to distance 
apart, the weights of the plants obtained are inversely proportional 
to the bulk of the soil in which they grow, or, in other words, the 
total plant growth is the same w-hatever the number of plants. 
Pot experiments made at Rothamsted 2 show that wheat grown along 
with poppy, black bent, or spurry made better growth per in- 
dividual plant than wheat grown alone (the total number of plants 
per pot being kept the same); thus, the individual wheat plant 
suffered less from the presence of the weeds than from an equal 
number of wheat plants. 

E. A. Gemtchoughenikov, Reports Moscow Agric. Inst., 1916 10 337 
^ S. U. Pickering, Ann. Bot., 1917, 31, p. 181. 
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When the amount of space per plant- becomes considerable and 
sufficient care is taken to ensure soil aeration, very good growth 
becomes possible. Methods have been suogesled for increasing the 
growth of wheat on the lar-ge scale b}" allowing more space per 
plant and repeatedly cultivating and earthing iip.^ 

It is well known that plants generally take up their nitrogen 
ill the fortn of nitrates rroni the soil ; they can ntilise other coin- 
pouncls, including ammonium salts, but they usually thrive best mi 
nitrate. Maize, however, takes up various organic nitrogen coiti- 
poxmcfs and also sulphate of ammonia, and with some of these, in- 
cluding sulph’ate of ammonia, it is said to make better growth than 
with sodium nitrate. Ammonia absorbed in this way i- supposed 
to be transformed into asparagine, which i< then converted into 
protein. Some plants, barley, maize, pumpkin, etc., readily take 
np ammonia and efi’ecfc the conversion;^ others, such as peas and 
vetches, only assimilate ammonia in the ]>resence of calcium 
carbonate; wdiilst others, such as lupine, will not take up ammonia 
at all, even in presence of calcium carbonate. It is suggested that 
this difference is due to the different quantities of carbohydrates 
at the disposal of the pla«it; hy increasing or diniiiiisliiiig the 
amount of carbohydrate, it is possible to pass from one type to 
another. In a state of inanition, the faculty for forming asparagine 
is lost; with plentiful supply of carbohydrate, on the other hand, 
even plants of the lupine type did not suffer from ammonia, but 
converted it into asparagine. An interesting difference is thtm 
brought out betw^eeii plants and animals. The animal organism 
can protect itself economically against the bad effect of an accumu- 
lation of ammonia by excreting it as urea in wdiich the carbon is 
fully oxidised, so that no calories are lost. This simple plan is not, 
however, open to the plant, should an accumulation of ammonia 
arise through derangement of the normal protein synthesis or 
because ammonium salts are offered direct to it. The plant cannot 
excrete ammonia, but, being better supplied with carbohydrate 
than the animal, it can afford the luxury of making asj^aragine, 
\vhich is richer in carbon than urea. Asparagine can accumulate 
ill the plant without detriment, and can be built up into protein 
when sufficient carbohydrate is present. 

On the other hand, if for any reason the jilant is insufficiently 
supplied with carbohydrate, these conditions no longer obtain ; it is 
then worse off than the animal, because it has no mechanism wffiereby 

H. Devaux, CouipL rend., 1917, 164, 191. 
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the ammonia can be excreted ; accumulation may produce disastrous 
effects. It is not difficult to imagine conditions in which this 
might happen. The common mosaic disease of toba?cco, the cause 
of which is not yet understood, may be a case ,in point; as a 
matter of fact, ammonia has been found in tissues affected by the 
disease, although it is absent from healthy tissues. In this case, 
it is suggested that the ammonia may arise from the reduction of 
nitrate, since nitrites were also found. Normally, this action is 
prevented by the oxydases, but it goes on when the plant is infected 
with nitrate-reducing organisms, and not only yields amihoiiia, 
which is toxic, but it also reduces the amount of nitrogen avail- 
able for useful purposes in the plant. 

In discussing the transformation of nitrogen compounds in the 
plant, it is unsafe to confine attention solely to the ammonia, 
amino-acids, and proteins. Another group of compounds, the 
cyauogenetic glucosides, is widely distributed in jDlants, and one 
must also consider the possibility that hydrogen cyanide is in some 
way involved in protein formation. The synthesis’’ of mandelo- 
nitrileglucoside, sambunigrin, and similar plant constituents from 
ethyl maiidelate and ammonia is thererfore of considerable interest 
as showing the possibilities of converting ammonia into a cyano- 
genetic glucoside. 

The carbohydrate constituents of plants come in for a good deal 
of investigation. Vaiuous sugars occur in the leaves, and further 
determinations of their amounts have confirmed the justice of 
the view put forward by II. T. Brown, and supported by W. A. 
Davis and others, that the first i^roduct of assimilation is 
sucrose.® 

The more complex carbohydrates have proved more difficult to, 
study, and some of them are only vaguely characterised, because of 
their insolubility or their colloidal properties. Further studies 
have been inade of the jjectin substances, which are important con- 
stituents of the carbohydrate group. The method of extraction 
has been improved,*’ and evidence is adduced to show that the 
j^ectin of the cell membranes of plants is a calcium magnesium salt 
of a complex anhydro-arabino-galactose-methoxy-tetragalacturonic 
acid.^o The pectin of wood, how'ever, appears to be different the 
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Boncqnet and Mary Boncqxiet, ibid., 1917, 39, 208S j -4., i, 6S:^. 

‘ E. Fischer and M. Bergmann, Ber., 1917, 50, 1047 ; A., i, 657. 

® W. Gast, Zeiiscli. pki/siol. Ckem., 1917, 99, 1 ; .4.. i, 433. 

® S. B. Scbryver and Miss D. Haynes, Biochem. J., 1916, 10, 539; A., 
i, 245. 

F. Ehrlich, Chem, Zeit., 1917, 4?1, 197 ; A., i. 321. 

T. von Fellenbera, Mitt. Lebensmittelunters. Hyg.t 8, 1 ; A., i, 016. 



A.GRLCULTURAL CHEMISTRY AXD YEQETARLE PHYSIOLOGY, 210 


problem has been studied by measuring the quantity of methyl 
alcohol yielded on decomposition. 

From a sti?dy of their electrical propertie-5, it has also been 
suggested that the pectin substances, besides acting as the binding 
material of plant tissues, constitute a means for regulating the 
content of hydrogen- and hydroxyi-ions in the circulating huids of 
the tissues and maintaining the ceil ‘contents in a slightly acid 
condition- they form a reserve of insoluble acid which is, never- 
theless, readily available for the neutralisation of any alkaline 
substance brought into contact with the celld- 

Other constituents of plants have also received attention ; a new 
method of testing for flavones has been described, and in view of 
the results obtained, it is suggested that the-e substances serve 
to absorb ultra-violet rays of sunlighr and protect the living iirolo- 
plasms from their injurious action. 

The methods of detecting carotinoids have also been studied.’''* 
An investigation on solanine from potato shoots indicates that the 
formula is Cj 2 Hc)iOis^, and that on hydrolysis it yields equi- 
molecular proportions of dextrose, galactose, rhamnose, and 
solanidiue, to which the ^rmula Cb 4 H 3702 lSr is assigned. The 
development of Molisch’s microcheniical methods has extended the 
number of known plant constituents 

Attention has been devoted to the variation in comj^osition of 
plants with variations in the conditions of growth. It is well 
known that the seed is only slightly alterable in composition, and 
in particular that changes in manuring and in culture have only 
a small, and from the practical point of view almost negligible, 
effect. Seasonal factors are more potent, and attempts have been 
made to reproduce them bj- artificial changes in water supply. A 
prolonged investigation of the composition of wheat grown under 
dry farming and under irrigation in Idaho*** has. however, 
revealed no differences between varieties grown under these very 
different moisture conditions. Each variety keeps its own charac- 
teristics regardless of the changes in conditions of growth. The 
only practicable method of altering the composition of the wheat 
grain appears to be to carry into one variety the properties and 
constituents of another, which can he done within certain limits 
by suitable breeding methods. 
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K. Shibata, I. Nagai, and M. Kisldda, J. Binl. Chem., 1910, 28, 93 : .4., 
i, 107. 

C. van Wisselingh, Flora, 1917. 177 , ‘771 ; .A., ii, 554. 

15 H. Moliscli, Ber. Deut. bot. Ge^., 1016, 34 , 154 ; 1917, 35 , 99 ; A., i, 505, 
506, 507. 

1* J. S. Jones and C. W. Colver, Idaho Agric Ezjit. Bta. Bull., 88, 1916. 
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The vegetative parts of the plant, however, are more susceptible 
to variation in composition, although here again the essential 
functioning materials of the plant may remain uniform in com- 
position, whilst the variations in the whole plant may be due to 
the precipitation of substances that have been absorbed., but are 
not needed,’” or to a variation in size of the storage vessels allow- 
ing gxeater accumulation' of storage products. The classical 
instance is afforded by the sugar-beet. By growdiTg seed only from 
the roots richest in sugar, the Germans have steadily increased 
the percentage of sugar in the ordinary crop. The French ch'emists 
have now obtained as good results as the Germans. 

These and other instances have satisfied practical men that the 
composition and quality of crops can be altered fairly consider- 
ably. There are, how'ever, limits beyond which change does not 
go which are not ahvays clearly recognised. Thus the orange 
growers of California consider that large dressings of ammonium 
sulphate sweeten the fruit, and that potash increases the acidity ; 
chemical analyses do not bear out these views. 

One of the difficulties of the investigation is the number of 
varieties and sub-varieties of the diffeft'ent plants. In comparing 
one plant with another, the greatest care is necessary to ensure 
that the two are really comparable. Whether the botanical differ- 
ences are associated with chemical differences is not yet clear; the 
work is so far only in the early stages. As an example, the proper- 
ties of millet specially adapted to a dry climate are being studied, 
and although the work is as yet still in the botanical stages, it 
posseisses cousideiable interest for agriculturists."^ 

Differences in conpaositioii of different varieties are, of course, 
only to be expected, and whilst nothing very definite has yet 
emerged, some few observations have been made, which, however, 
require careful investigation- Thus it is stated that the com- 
position of the essential oil varies according to geographical posi- 
tion, even -with plants of the same species; the iodine immber 
(which indicates the relative proportions of the triglycerides of 
oleic, linoleic, and linolenic acids respectively) increasing as the 

A few attempts have been made to trace the means whereby the plant 
disposes of non-essential materials presented to the roots and taken up 
by them. Saligenin appears to be transformed into saliein, quinol into 
gineoside. G. Ciamician and C. Ravenna, Gcr.zelia, 1917, 47, n, 99; A 
i, 981. 

E. Saillard, Vompt. rend., 1917. 165, r>08, 

H. D. Young, J. Aijric. Bessarch, 1917, 8, 127. 

O. A. Bielov, Petrograd. Bufl. of Applied Bnt ini}, 1919, 9, 3:}3 ; Bull. 
Agrio, Intell. Borne, 1917, 8, 1093. 

G. V. Pigulevski, J. Buss. Phys. Ghem. Soc., 1916, 4S, 324 ; A., i, 189. 
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geugraphical ui^lri'i)^tioll oi‘ flit* nlHnf cxteinl'^ further lo tlu* 
north. 

It IS important Jor the plant that some at least, oi the reaction- 
taking 2 :)lace in its cells should proceed rapidly, and as it can 
tolerate neither rise or temperature nor increased concentration 
of the sap beyond certain limits, the activation has to be brotighl 
about by catalysts. The enzymes ot the cell are 1 here/ore extremelv 
important. Ot‘ the.se, oxydases have received a good deal ot atten- 
tion. They are stated -- to increase as the plant is improved bv 
cultivation and selection. In the case or the Jajiaiie.-e medlar, for 
exainiile, the iinjiroved variety, with its longer biological cycle and 
longer, larger, sweeter, and less acid fruit, is, undei equal condi- 
tions, richer in oxydases than the less cultivated variety with 
shorter biological cycle, and fruit which is round, small, more 
acid, and less rich in sugar. In other cases also the amount of 
oxydase was found to be inversely related to the amount of acid 
and directly related to the quantity of sugar present. It is further 
suggested that the inciease in the amount of o.xydase in the culti- 
vated varieties may be associated with the additional supply of 
nitrogen in the soil resulting irom the use of additional fertilisers. 

Plant Poisons ^. — Studies of the effect of coal gas on plants -** 
have shotvn that gas itself is harmful at certain concentrations, but 
the poisonous constituent is neither carbon monoxide, ethylene, nor 
acetylene; it was not identified with certainty. Cress was much 
less sensitive than tomatoes, salvia, and other plants.^^ 

Poisoning from cojiper is rei^orted from a copper tailing region 
in the United States. Most of the flora of the district seem to 
have been destroyed, and among the larger shrubs only the wild 
rose flourished. The surviving plants contained in their tissues 
appreciable quantities of copper, arsenic, antimony, and tin, as 
much as 0*62 per cent, of copper being present-^ in some cases. 

Diseased leaves of citrus trees affected by mottling have been 
examined, but no great amount of information has been obtained. 
They contained on the average more calcium, magnesium, and 
phosphorus than healthy leaves,-® which seems to indicate some 
functional derangement, but throws no light on its nature. 

A. Degli, Annali della B. Scnoln Svp. di Agric. Portici, 1917, 14. 

23 C. Wehmer, Ber. Dent. hot. Qes., 1917, 35, 403 A., i., 618. 

Miss S. L. Doubt, Bot. Qaz., 1917, 63, 209 • A., i, 619. 

2® W. G. Bateman, nnct L. S. Wells, J. Amer. Chem. Soc., 1917, 39, 811 ; 
A., i, 373. 

2® C. A. Jensen, J. Agric. Besearcht 1917, 9, 157, 2.53. 
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Feedimj Staffs. 

Although the physiological aspects of animal nutrition are more 
properly discussed in another section, reference may be made here 
to certain agricultural applications of some of last year's work. 

The War has reduced the supplies of certain hitherto widely 
used feeding stuffs and brought into prominence others less known 
in this country. Palm-nut. cake is one of the most importfint of 
these, and it has formed the subject of seveiial interesting inyesti- 
gations at Leeds. It is more digestible and contains more food 
units than imdecorticated cotton-seed cake,-' and it compares 
favourably in keeping qualities with other cakes.-^ Apparently 
its fat does not pass as such into the milk of the cow, hut is sub- 
ject to some selective action, the acids of lower molecular weight 
being transferred in greater proportion than those of higher mole- 
cular weight ; further evidence is needed, however, before this can 
be regarded as definitely established.-^ 

Other possible feeding stuffs have been examined. Dried yeast 
appears to be distinctly promising, and it proved as digestible as 
any food on the farm. so Horse chestnuts have been studied both 
in France and in Germany. The older attempts to utilise them 
failed, because the cost of collection was too great. Further, the 
shell causes a good deal of trouble; it can be removed without 
difficulty ill the fresh state, but it adheres to the cotyledoious mass 
when dried. Moreover, the shell contains both aesculin and a 
tannin known as ^sculitannic acid. The dry, cotyledonous part is 
valuable; it contains 20 to 30 per cent, of starch 6 to 7 per cent, 
of nitropnous matter, and 2 to 3 per cent, of fat, but no sesculiir 
01 tannin. It contains, however, a saponin, which has a marked 
physiological action on the blood system, and therefore it cannot 
be used direct for cattle feeding. This substance can be washed 
oiit with 1/1000-hydrochloric acid, and no doubt with other acids; 
^0 to per cent, of a beautiful, white, tasteless and odourless 
stai^ which can be extracted and used for alcohol or even food, 
Wiiilst the residue can serve as cattle food.^i 
Although the German methods of treatment of horse chestnuts 
have not been divulged, they are evidently considered satisfactory, 

- w^'ZZZ «• 

Z n Miss H. Woodhouse, ibid., 451 

C. Crowther and H. E. Woodman, ibid 448 
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fls uo less than 150 marks per ton is paid tor tlienn^'- Acorns are 
considered even more valuable, their price being 19v mark- per 
Ion. It- is saia that cattle rood is being made in G-ennany trum 
wood meal, heather meal, and certain lichens. It has been diown 
in this country that both acorns and horse chestnuts vield a con- 
siderable quantity of alcohol on fermentation, some l45 — 1G4 litres 
of absolute alcohol per ton of nuts as picked."’ 

Experiments have been made in Germany with certain new 
foods .and substitutes — ‘■'Ceralis, ' ‘ Maizena,'" ‘ Kornerbliitf utter,' 
etc., the coaipositioTi of which is not indicated It has been 
suggested in America that insects might make good food for poultry, 
especially as the van Siyke method shows that the protein of grass- 
hoppers and “ June bugs ’ is similar to that of very tender roast 
beef or breast of turkey."'^ 

More complete studies have also been made of the ordinary leed- 
ing stuffs of the farm. The potato is being exalted as human 
food, Hindhedes’s older demonstration of the high nutritive value 
of its nitrogen compounds being supjmrted by more recent deter- 
minations. Wheat, on tlje other hand, is shown to be an in- 
complete diet for animals (like most other single foods); the 
'‘deficiency” effects are seen not only in the animal, but also in 
its offspring.^" Maize “deficiencies' have also been studied, ss and 
the question is raised whether lysine is the limiting amino-acid in 
its protein. Lastly, serious attempts are being made in Germany 
to improve the feeding value of straw by digesting it with dilute 
sodium hydroxide solution.^^ 

The old problem of silage fermentation has received further 
attention. It is now generally recognised that the changes are 
brought about partly by the enzymes of the plant and partly by 
micro-organisms. Determinations of the rates of the various 
changes have shown that the production of acid is expressible by 
peaked curves similar to those often given by bacterial actions, 
whilst the hydrolysis of the proteins and the evolution of carbon 
Borgmann, Tharandter Forsf. Jahrbvch, 1916, 67, 367 ; abs, in Bidl 
Agric. Intell. Rome, 1917, 8, 1127. 

J. L. Baker and H. F. E. Hnlton, Analyst, 1917, 4-2, 351. 

3* A. Ricliardsen, Landw. J., 1916, 49. 

3® J. S. McHargue, J. Agric. Research, 1917, 10, 633. 

3« M. S. Rose and L. F. Cooper, J. Biol. Chem., 1917, 30, 201 : A., i, 524-. 

3’ E. B. Hart, E. V. McCoUxun, H. Steenbock, and G. C. Humphrey, J. 
Agric. Research, 1917, 10, 175 ; E. V. McCollum, IST. Simmonds, and W. Pitz, 
J. Biol. Chem., 1916, 28, 211 ; A., i, 184. 

38 E. V. McOoUum, N. Simmonds, and W. Pitz, J. Biol. CJmn., 1916, 28, 
153 ; A., i, 192 ; J. Biol. Chem., 1917, 28, 483, A., i, 185. 

33 Deut. Landw. Presse, 1917, 44, Res. 2, 4, 8, 9, 16 ; lllustr. Landw. Ze-it., 
1917, 37, Nos. 3 and 4 ; and Wieiier Landw., Zeit., 1917, No. 5229. 
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dioxide are expressible by smootli curves resembling those ofteu 
shown by enzymes.^® 

Mannitol is said to be one of the products of the decomposition 
of the sucrose, although after a few' days it suffers’decomposition.'^i 


The distribution of the fatty acids in the milk fat of the cow 
and the sheep has been determined.^- Tt lias been sliowm that, the 
rate of increa.se of the growth of lambs is related to the milk yield 
of the ewe.-i3 

Fermentation . 

It has been showoi by Buchner and Albert that yeast, on treat- 
ment tvith acetone yields a wdiite potvder capable of fermenting 
sugars. This material, known as zj’min, owes its fermenting power 
io two constituents (or groups of constituents), each necessary to the 
w’ork of the other, known respective!}’' as t]ie enzyme and the co- 
enzyme. The latter can be washed out with water; the residual 
'■ washed zyrtiin is then inert towards feugar. The extract has been 
investigated, but the precise active agents have not been absolutely 
determined. Phosphates w'ere shown by Harden and Young to be 
essential, but not the sole agents. When, however, potassium pyru- 
vate is added as well as the phosphate, the power of effecting ferment- 
ation is completely restored The addition of acetaldehyde and 
potassium or ammonium phos^ihate, but not sodium phosphate, has 
the same effect. These observations are interesting in connexion 
with a hypothesis, favourably regarded by many investigators, that 
acetaldehyde is an intermediate product in alcoholic fermentation 
being reduced to alcohol by hydrogen liberated at a previous stace 
of the process. The acetaldehyde is thus supposed to start the 
reaction by “accepting” the hydrogen. Whether or not acet- 
aldehyde is the co-enzyme cannot, of course, be stated without 
more exhaustive investigation of the extract; some other reducible 
substance might play the same part. The investigation has, how- 
ever, carried the problem a distinct stage further by proving the 
necessity in the co-enzyme of phosphates, potassium or ammonium 
ions, and acetaldehyde or some similar substance. 

^0 A. R. Lamb, J. Agric. Research, 1917, 10 , 361 ; see also O. W. Hiuiter, 
'ibid., 75, and C. O. Swanson and E. L. Tague, ibid., 275. ’ 

A. W. Box and G. P. Plaisance, J. Amer. Ghern. Soc., 1917 39 2078 ■ 
A., i, 683. 

0. Crowther and A. Hynd, Biochem. J., 1917, H, 139 ; A., i, 608. 

E. G. Ritzman, J. Agric. Research, 1917, 8, 29. 

A. Harden, Biochem. J"., 1917, 11 , 64 ; i, 501. 
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It ib- well known tlial yea-t juice euiit.nii- a ]io\vertuI cllge-iive 
enzyme of the trypsin type, and in cuii-en’ieuce that it '-te;icidy 
lub?6 its albu!?nii on keeping, 'lln- enzyme can aiso i'ring about 
the decomposition of iiolypepliUe", but the cdiauge > coni]ilex, 
depending not only as to its rate, but a ho to some extent a=, to its 
nature on the conditions of the experiment The effect ol the 
hydrogen-* and hydroxyl-iou concentration \\a& studied in some 
detail, but it wa-, recognised that other factors came in as well, 
some of which were rather indefinite, such as the unexiiiained con- 
dition of the ferment. The enzyme is most .stable with a hydrogen- 
ion concentration of about 3 x 10- h The resulting amino-acids 
retard further decomposition. The result> indicate a similarity in 
action with that observed by Bredig on inorganic ferments, and 
they do not necessitate the view that the ferment ib active only 
towards a definite gTouping of atoms. 

The nutrition of the yeast plant is of enormous practical interest 
nowadays, in view of the circumstance that yeast is caj^able of 
serving as food for kumaii beings and for animals, and that 
it can rapidly synthesise pioteiii from inorganic nitrogen or 
from carbamide. Circumstaiitiai accounts are received from 
Germany of the successful production of considerable quantities 
of food in this way. Organic acids (citric, acetic, tartaric;, 
glycerol, asparagine, mannitol, and carbohydrates, including 
in suitable circumstances the pentosans, can all serve as sources of 
carbon."*^ Where sugar is used, the weight of yeast can be increased 
considerably by the addition of suitable quantities of gum arabic, 
rye gum, or the humic substances of peat.'*^ The effects of frac- 
tional additions of sugar, of added alkali, and of nitrogen nutrient 
have been studied.'*^ Instead of ammonium salts, other nitrogen 
compounds can serve, including pyridine, piperidine tartrate, 
couine, nicotine, ciiichonic acid, quinine, brucine cocaine, and 
morphine, but these are of less practical interest 

It has been suggested that the fermentation of sugar by Aupcr- 
fjillui, nkjer is an oxidation proceeding in three stages, producing 
citric, oxalic, and carbonic acids respectively, and by regulating the 
conditions it has been found possible to check the reaction at the 
first stage so as to obtain a considerable yield of citric acid.^o 

E. J. Russell. 

E. Abderhalden and A. Fodor, Fertuenijorschiing, 1916, 1, 533 ; A., 

i, 306. ^ T. Bokorny, Munch. Med. ^Voch., 1916, 63, 791 ; A., i, 72. 

L. Lindet, Conipt. rend., 1917, 164, 58 ; A., i, 188. 

T. Bokorny, Allq. Brau. Hopfen. Zeit., 1917, 57, 447 ; A., i, 681. 

F. Ehrlieh, Biochem. Zeitsch., 1917, 79, 232 ; A., i, 309. 

J. N. Currie, J. Biol. Ohem., 1917. 31, 15; A., i, 614. 
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CRYSTALLOGRAPHY AND MINERALOGY. 

The two yeais tliat liave elapsed since the last Report have been 
marked by a great diminution of published researches, especially of 
those we could ill dispense with. This is only to be expected, since 
the energies of many workers are now directed in other channels. 
In such times as these, it is no easy matter either to collect the 
bricks or to erect those that are shapely into an orderly structure, 
so that a certain degree of indulgence may well be claimed of a 
reader, A brief estimate of general tendencies and results will 
serve as an introduction to the systematic discussion of details. 

The A-ray methods of investigatiifg molecular structure have 
been fundamentally extended by Debye and Scherrer,i who have 
devised a method of experimentation which is not merely applic- 
able to a crystal-aggregate (say, a graphite pencil), but even to 
ordinary liquids. Dnfortunately, these publications are not at 
present accessible for detailed study, so that a full appreciation 
of this remarkable advance must be postponed. It may, howevei, 
be stated that the authors have deduced the crystal structure of 
graphite and the molecular dimensions of the liquid benzene mole- 
cule > The former proves to be rhombohedral ; the absolute 
dimensions of the rhombohedral cell (a = b = c) are 4*48 x 10-8 

* The former title of this Report (“ Mineralogieal Chemistry”) was 
initially adopted on the principle that Reports shoidd as far as possible 
follow the main divisions into “Abstracts.” It is, however, manifestly 
impossible for a Reporter on “ Mineralogieal Cliemistry ” to adopt this 
counsel of perfection : in the first place, because the centre of gravity of 
mineralogieal research has shifted from chemical analysis to the investigatioi- 
of mineral problems from the point of view of physical chemistry ; and, 
secondly, because the main results of crystallography are spread over the 
physical, inorganic, and organic abstracts. The present title is a com- 
promise between “Mineralogieal Chemistry” and “Crystallography”; 
it is, perhaps, satisfactory as not being altogether at variance with the subject- 
matter discussed — an objection which has been good-humouredly lodged 
against the present writer’s previous Reports. 

1 P. Debye and P. Scherrer. Nachr. Ge&. W^ss. Gottingen, 1916 ; Physikal 
Zeiisch., 1917, 18, 291 ; A., li, 437 ; compare also S. Kyropoulos, Zeitsch. 
ayiorg. Ghem., 1917, 99, 197 ; A., ii, 468. 
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which give? = x lO'S cm., a value agreeing well with 
Brags’s ]>relimiuary determination.- The molecule ot l-enzuue 
iuliils ijioat chemical expectations; it-, form is that of a l•egll]ai■ 
hexagon, with an edge-dimension equal to o'ii2 lu-' and a thick- 
ness ” of something uiicler 1*19 x 10“ 

Mention may tvell be made here of the publication ot a ^ene^ 
of papers by Fedorov, who has made a critical study of W. IT. and 
\V. L. Bragg's results. 

Ap^rfc from the above, the progress of A'-ray investigation ir. of 
a mixed character Our most notable A-ray analysts-^ have un- 
doubtedly unravelled the intricacies of some point systems, and 
have thereby laid the foundations of a crystal-structure of pre- 
cision; but there would seem to be ''ian- that it would be more 
prudent to devote some time to the examination of two funda- 
mental properties, namely, the falling away of redection-iuteiisity 
wdth increase of “ order," and the quantitative relationship between 
reflection-intensity and atomic mass or number, than to add 
another reconstruction • or two to the present list After all, the 
future reconstructions of crystal edifices ultimately depend on the>e 
two fundamentals, and the investigation of the simplest possible 
isomorphous groups (especially the group rubidium chloride, 
bromide, and iodide) would go far to standardise these points 
d’appui. In any case, numerous crystalline substances have now 
been thoroughly investigated, and it is possible to estimate the 
degree of cogency of some previous beliefs; both topic-axes and the 
Bravais principle have received a measure of support. On the 
other hand, the question of the existence or non-existence of mole- 
cules ill a crystal, although actively di-^cussed, has, perhaps not 
unnaturally, made no headway. 

The appearance of the fourth volume of Groth s ’ Chemische 
Krystallographie.’' dealing with monocyclic compounds, is 
announced. 

A certain' degree of interest is attached to the first example of 
a medical application of crystallo-ehemical analysis.-^ The 
identification as salol (phenyl salicylate) of a crystal of intestinal 
origin presented no difficulties, and was, in fact, effected in sixty- 
five minutes. 

Steady progress has been made in the examination of silicate 
equilibria by the American Geophysical School. To quote Bowen ; 
"It is not long since the discussion of the theory of the crystal- 
lisation of igneous rocks was carried out by describing the crystal - 

® W. H. and W. L. Bragg, “X-Rays and Crystal Structure,” 174. 

3 W. H. Bragg, y., 1916, 109, 252. 

* T. V. Barker, Lancet, 1917 (May 26th), 798. 
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ilsatiou 01 home simple iDiiiary eutectic mixture, such as salt nnd 
water. aiiJ winding* up with the statement that the^ crystallisation 
of the igneous rock is ni some measure analogous '' Our know- 
ledge oi' silicate equibhiia has now certainly advanced beyond that 
stage, for the accurate investigatioiis of Bowen and others have 
reached the point from which it is iiossible to sketch the main 
outlines of pelrogenesis ; the painstaking field observations of 
generations of petrographers, leavened not merely by the principles 
but also by the practice of physical chemistry, are rapidly .giving 
rise to a science of petrology. 

The last topic to be discussed is crystal growth (and dissolution). 
The characteristic, plane-polyhedral form assumed by a growing 
crystal is as pleasing to behold as it is difficult to “explain.’ 
Drops of a liquid, separating in a state of suspension fioui another, 
usually assume spherical forms — bodies having the least area for a 
given volume. Xot so crystals ; although isolated examples are 
known partly or wholly bounded by curved surfaces, whilst others, 
owing to ail all-round, richly faceted development, would seem to 
approximate towards a spherical form, it is nevertheless certain 
that the most frequent styles of development are the tlnii plate 
or fine needle — shapes which are extreme examples of a maximum 
of area for a given volume. This '‘anomaly’’ Curie attempted to' 
reconcile with the principle of minimum surface energy by assum- 
ing that plane faces are developed because they have lower 
capillarity constants than curved faces. His theory has been 
exceedingly fruitful, for it has stimulated research in a province 
which otherwise might not have been explored. Recent work, 
however, has proved it to be untenable for macroscopic crystals. 
Further, it is not generally knowm that the problem had beeft 
previously, and more satisfactorily, handled by Gibbs in his work 
on the Phase Rule. Gibbs, indeed, foresaw that the princijile of 
minimum surface energy might only operate in the case of micro- 
scopic crystals. The jiresent appears to be a suitable time to 
review the problems of ciwstal growth, inasmuch as future work is 
likely to take ofher directions. The inverse question of crystal 
dissolution is even more comple.x, but some regularities have been 
noted. 


GeJieral of Mefftod'* of I n-vp'^f igation . 

efficient form of installation for the preparation of 
X-radiopams has been discussed by Rinne.-" The employment of 
the Lilienfeld A'-ray tube is advocated as permitting a steady 
= F. Binne, Bar. K, Sdchfi. Qes. iMatlu^Phy.'^. 191,5, 67, 
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stretiiii of rays of any desired liardnebS. Analysis of a radiogram 
is shown to be most directly and easily ettected by the help of a 
cnomonic projection, from wdiich the ^tereographlC jirojeetion can 
be readily obtained. Great care must be employed when adjusting 
the crystal, otherwise a want of symmetry may appear in the 
radiogram (it is to this caime that Rinne refers some anomalous 
results oUrained by Jaeger'). The paper is accompanied by a 
inagnilicent series of exposures, including cyanite (anorthic) ; 
diopside, epidote, scolecite. and sucrose fmonoclinic) : anhydrite 
and ••ara.gonite (orthorhombic); caleite and dolomite (rhomlio- 
hedral): cpifPidz, carborundum, and beryl tliexagonal) ; cuprite and 
rock-salt (cubic) — as well as others illustrating typical abnormali- 
ties.^' Rinne’s elegant employment of the gnomonic projection is 
admirably illustrated by a basal exposure of anhydrite, which con- 
tains no fewer than 424 spots, contributed by as many planes 
belonging to 112 different crystal forms, most of which have never 
been observed as actual faces. The astonishing accuracy with 
which such complex crystal planes as (66.5,30), (88.45.40), 

(42.65.30) register their positions on the photographic film may 
be regarded as a most impressive demonstration of the orderly 
nature of crystal structure. 

The molecular structure of a mixed crystal has been investi- 
gated by Vegard and Schjelderup*^ by means of the A'-ray spectro- 
meter. It is found that the reflection angles of mixed crystals of 
potassium chloride and potassium bromide vary regularly with the 
compositiou as deduced from Fock’s solubility curves (the crystals 
were not chemically analysed). The mixed crystal, then, behaves 
as a single individual, and cannot be regarded as an intercalation 
of two independent lattices. 

_T-Ray spectra produced by curved crystal faces have been studied 
by Cermak.7 

The chemical aspects of crystal-structure are being freely dis- 
cussed. In the first place, it has heeu pointed out that Groth’s 
denial of molecules is at least premature, if it is not clearly 
erroneous.® Further arguments for the existence of molecules are 
given by Smits and Scheffer,® who suggest valency models for rock- 
salt and calcite. Other chemists draw an analogy between co- 
ordination and cry.^tal-structni’e ; for examj^le, Pfeifier points out 

c L. Vcffard and H. Schjeldcrnp, Physical. Zeitsrh., 1917, 18, 93; A,, 
ii, 243. ' P, Oermak, iblfJ., 1910, 17, 40.", 55^. 

8 A. Fook, Gentr. Min., 1916, 392; A., n, 129. 

8 A. Smita and F. E. C. Scheffer, Proe.. K. Akful. \Vefen.<tc/i. Amsterikna, 
1916, 19, 432 ; A., ii, 78. 

18 P. Pfeiflter, Zeitsch. anonj. Ghem., 1916, 97, 161 ; .4., 1916, ii, 228 ; 
compare also P. Niggli, ibid., 1916, 94, 207 ; A,, 1916, ii, 300. 
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that rock-salt may be regarded as made up of [KaClg] and [ClNa^]. 
The chemical constitution of crystals is also discussed in Vegards 
papers, but other practising X-ray analysts leave sLich questions 
severely alone. Chemists naturally look forward t'^ the adoption 
of the idea of valency; crystal-physicists, on the other hand, have 
so far eschewed any appeal to valency, perhaps because the appeal 
would, from their point of view, imply another assumption It is. 
however, possible that the appeal will ultimately have to be made 
in a case like sodium chlorate. 

The appearance of theoretical papers hy Niggli,''^ ^2 Johi/sen,''" 
Sclioiiflies,'^'^ who discusses enantioinorphism, Beckenkamp.^" and 
Rinne'^® may be put on record. 

Fedorov\si Critical Survei/ of the Work of IT. //. ancl 
IF- L. Bropfj. 

li must be remarked at the out.set that the material used by 
Fedorov is restricted to the well-known book A’-Rays and Crystal 
Structure,'’ a copy of which was sent out to him as soon as pub- 
lished. The mam results of his analysis are presented in four 
papers.^’’ 

The first paper ('‘ Results of the first stage of the experimental 
investigation of crystal-structure") is devoted to a critical survey 
of Bragg’s results from the point of view of his own contributions 
to the theory of crystal-structure. Each crystal is studied in 
detail; the structural parallelohedx'on and point-system-symbol are 
determined; the various elements of symmetry (planes, glide- 
planes, axes, alternating axes, screw axes) are 2>resented in the 
form of a structural diagram. In this way. rock-salt, ammonium 
chloride, cuprite, blende, diamond, fluorspar, calcite, dolomite, 
pyrites, zincite, and sodium chlorate are passed in review. iSTow 
the experimental investigation of these substances was not attended 
with equal success; for example, W. H. and W. L. Bragg regard 
their investigations of ammonium chloride, cuprite, zincite, and 
sodium chlorate as incomplete. These cases are examined at some 
length. It is pointed out that atoms generally occupv favoured 
positions in the structure; they are generally situated at points 
which are the inter‘;ections of several axes and planes of symmetrv, 

P. Nigpfli, Ber. K. Bachs. Ges. IFi-w , Klnsse], 1915, 67 . 364. 

’2 Idem, Cenir. Mtn., 1916, 497; 1917. 31,3. 

A. Johnsen, ibid., 1916, 386. 

A. SchOnflies, Zeitsch. Kryst. Min., 1916, 55, 321 ; A., ii, 447. 

J. Beckenkamp, Centr, Min., 1917, 97 : A., ii, 296. 

F. Rinne (two papers covering much the .same ground), Jahrh. Min., 
1916, ii, 47 ; Zeitsch. anorq. Ohem., 1916, 96 , 317 ; A., ii, 18, 166. 

E. S. F?dorov, Bull. Acad.. Bci. Petroqrad, 1916, 10 , 359, 435, 547, 1676. 
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ana it might be concluded therefrom that the symmetry of an 
atom approximates to that of a sphere. This, however, camun 
really be tr«e, because it is incompatible with the propertv of 
valency, the operation of which must deform the atom ; moreover, 
the zinc atoms in zincite must be polar if they are to account for 
the undoubted hemiinorphism of «truoture. The^e conshleration^ 
are held ‘in view u’hen Fedoiov proceeds to suggest suitable struc- 
tures for ammonium chloride, cuprite, and sodium chlorate. The 
optical activity of the last substance it fully discutsed. and the 
author finds liimselt compelled to postulate a^ymmetiw of the atom 
In the second paper (which contains some important corrections 
to the hrst) Fedorov enunciates The fundamental law of chetnical 
crystallography.'' Following is. perhaps, the most concite way of 
stating the law: The W'hole of the atoms of a crystal are situated 
at (some of) the nodes of a tingle, ultimate space-lattice. YarioU'' 
deductions can be made from the law. For example, it necessarily 
follows that a plane passing through any three atoms is a po.s^sible 
plane of development (face). Moreover, if we take an atom at 
origin, and three space-co-ordinates defined by the position of three 
other atoms of the same c#mposition not lying in a plane with it. 
then the position of any other atoms can be stated in the form of 
co-ordinate numbers, which are small whole lutmhers or fractious 
Thus, in the case of rock-salt, if the general co-ordinates of the 
sodium atoms are (000), the co-ordinates of the chlorine atoms are 
(^,00)] for blende we have Zn(|00) and S({, -J.i) ; for ammonium 
chloride, Cl(OOO), N(Y-'V,i), H(i,i,l)} for sodium chlorate, 
Na(iii), 'O(|00)j for calcite, C(OOO), Ca(iOO), 

0(^V, - xV so on. The author points out that as the lav.' 

implies certain limitations on the possible positions of atoms, it 
can be employed in the deduction of the probable positions of 
atoms when the definite positions of others have once been settled 
by A'-ray methods, and he is not afraid to amplify missing details 
in the structure of corundum and haematite (in which amplifications 
considerations of the centre of gravity of particular geometrical 
forms are relied on). Quartz and magnetite are also discussed with 
some detail. Suitable structures are also suggested for the follow- 
ing cubic substances: hexamethylenetetramine, tetramethyl- 
pyrazine, garnet, and potassium silicofluoride. 

In the third paper (“The chemical side of crystal-structure 
Fedorov discusses briefly the connexion between atomic composition 
and atomic distances. The main conclusion (there are others) is 
that relative contiguity of t%vo atoms is inversely related to the 
chemical degree of similarity; there is, however, a limitation with 
regard to bivalent atoms. 
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Ill tlie fourth paper (‘‘A contribiitiou to the problem of the 
determination of atomic reticular densities in crystal planes”^, the 
author applies himself to a question, which is obvioixsly of great 
crystallographic interest for the following reasons Up to the 
present time, considerations of reticular density have suffered from 
two disabilities: (1) a total absence of intimate, experimental know- 
ledge has always implied a purely theoretical treatment (2) the 
theoretically possible point systems were relatively so complex that 
most crystallographers confined their practical attention to the 
much simpler space-lattice — in the hope that they may possibly 
ultimately advance from the simple to the complex; wfth the con- 
viction that the opposite, alternative line of procedure would leave 
them permanently in the air. In spite of the above disabilities, 
the study of reticular densities has been both suggestive and 
fniitful. It has suggested a consistent way (that is, a way governed 
by a principle) of restricting the infinite number of axial ratios 
allowed by Hatty’s law; it has been one of the factors (but not the 
only one) that has made it possible to apply crystal measurements 
to the identification of chemical substances. Fedorov recognises 
that it is now possible to study the subiect of reticular densities 
with all exactness, and in the paper under review he discusses the 
problems opened up by atomic vistas. (It may be remarked, 
parenthetically, that somewhat similar problems were treated in a 
very interesting way many years ago by Sohncke).^® Successive 
parallel strata frequently differ greatly in reticular density, and as 
he takes the view that the reticular density of the densest sti'atum 
carries most weight in the determination of the external form of 
the cr3’stal, Fedorov determines these highest densities. As in 
previous work, the results are given in the form A^, where A repre- 
sents reticular density. All Bragg’s cubic substances are studied.'*' 

L. Sohncke, Zeitsclu Kryst. Miji,, 1887, 13, 214-. 

* The above digest may be ofsome value, although theReporterhasuol boon 
able to devote much time to tho papers. Published in a generally inacces- 
sible language, without any French resume, they are as good as lost to Western 
Science ; an English translation is imperative before they can ever receive 
the attention they deserve. Professor Fedorov has published several other 
papers, but he has been unable to send separate copies owing to Russian 
postal regulations of a temporary character. Cross-references, however, 
indicate that some of these papers are devoted to a further development 
of erystallo-cliemieal analysis. As mentioned above, X-ray work entails 
much rension of some pi-evious ideas. The Reporter has made an examina- 
tion of the application of the Bravais in-ineiple (as employed before the 
advent, of X-ray methods) to the new atomic re-constructions, and finds that 
the principle reveals the coiTect primary space-lattice (that is the three 
principal translation ratios of the whole structure) in every case elucidated 
by the X-ray analysts, but leads to erroneous conclusions in every possible 
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.S'G / / t.rht inn'fii - 

Siuoe tlie appeal ance ol liie ia--L Hoport, the ery-l-ih 

have been Uilly eiucidaie<l. 

Stiver, (toIcI, and L^tuL — lu the ea-e of silver.*-’ the tirst-order 
reflection-angles agree closely v’lth ^7,,,, — 1 ; 1 v - : - ^ 3, 
ratios which are characteristic of the race-centred, cubic lattice, 
and 'a calcnlation of the number of atoms in the unit-cell conhrm> 
the deduction. The same structure was deduced for gold and 
lead,-*^ th( lead crystal having been obtained artificially by 
immersing zinc in a solution of lead acetate. In both cases, the 
investigation had to be restricted to the octahedral plane, owing 
to a platy habit. The structural deduction was ba^ed ; (,li on the 
values of the glancing angles, aud ^2 ; on a normal distribution of 
intensity over the first three orders. These investigations prove 
that silver, gold, aud lead have the .structure previously deduced 
for copper by W. L. Bragg. 

Aitafanv, TiOi. — This polymorphous modification of rutile has 
been investigated by Tegard,-’ who finds the structure to be of 
Bragg’s diamond type, but elongated along a fourfold axis to an 
extent imi^^lied by the ratio c:u = 1*765. Each titanium atom has 
two oxygen atoms (one above and one below) at distances equal to 
about one-fifth the vertical distance between successive titanium 
atoms. 

Atiitnontiim Iodide and Tefnnn&fJii/Iafunioniam Iodide . — The 
-Y-ray investigations of these two substances we also owe to 
Vegard.22 It is to be expected from its close crystallographic 
similarity that the first-mentioned compound should have precisely 
the same structure as rock-salt, and Yegard concludes that this is 
so, and that the nitrogen aud iodine atoms interpenetrate, one set 
centring the cell faces of the other set.*’' The i^osition of the 

case (in the hexagonal and rhombohedral systems it cannot theoretically go 
wrong) with respect to the number and method of interpenetration of these 
primary lattices. Stared in other words, the principle reveals the correct 
axial ratios. 

19 L. Yegard, Phil. Mag., 1916, [vi], 31, S3 ; *4.. 1916, ii, ISO. 

2" Idem, ibid., 32, 65 ; .4., 1916, ii, 405. 

21 Idem, ibid., 32, 505 ; A., 1916, ii, 593. 

22 Idem, ibid., 1917, [vi], 33, 395 ; A., li, 296. 

* Yegard does not appear to have calculated the llieoretical intensities 
demanded by his structure. Some values worked out by the Reporter for 
the octahedral reflections are given here : — 


Order 1st 2nd 3rd 4th 

Observed 100 90 20 20 

Calculated 100 46 7 4- 5 


The discrepancies can scarcely be regarded with equanimity. It must 
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liydrogeii atoms could not be fixed, owing to tlieir relatively ^^mall 
mass. It is interesting to note that aminonium iodide is thereby 
proved to have a different structure from ammonium chloride, a 
conclusion which had been deduced previously by other methods 
The structural dissection of the tetragonal tetrainethyl derivative 
is, of course, a much more complicated problem The dimensions 
of the elementary cell were found to be m accordance with twice 
the accepted axial ratio c:« = 0'71. but the natural expectation 
that the lattice should also have this double value led to no satis- 
factory reconstruction. In view of this, Vegard made the pro- 
visional assumption that the lattice has, indeed, the simple ratio 
f.a = 0’ll, and eventually arrived at a recoil struction,'’'' which can- 
not be described for lack of space. 

Inutile (xfoup. — ^This well-known isomorphoiis group of minerals, 
consHtiiig of rutile, Ti 02 (TiTi 04 ?), cassiterite, SnO.i (SnSnO^ ?). 
zircon, ZrSiO^, and xenotime, YPO 4 , has been subjected to a search- 
ing analysis by two independent workers, Vegard and Williams; 
the former examined the whole group; thef latter confined his 
attention to rutile and cassiterite. In his first examination, 
Vegard 23 drew the conclusion that xenotime occupie.s a peculiar 
position structurally, but as a result of a later series of measure- 
ments, with an improved form of spectrometer, he revises this 
conclusion. An apparently suitable structure for the whole grouj> 
was ofiered by Vegard, but it appears from Williams’ 2 * work 
(which was just ready for jiublicatioii at the time Vegard’s paper 
appeared) that Vegard's reconstruction rests on the faulty basis 
that the 7°44' (lOO)-reflection of rutile is a first-order refiection. 
This reflection was, indeed, also obtained by Williams, but it is 
jmeceded by a more intense I'eflection at an angle of 3°52'. Whilst 
{he experimental data of the two workers agree quite well in other 
respects, it need scarcely be stated that the discovery of a “siib- 
Hrst '* ordei renders Vegard s reconstruction untenable. Follow- 
ing are the essentials of the structuie suggested by Williams. 

liowever, be ubserveil that Vegard had to grind octahedral planes on his 
crystals, ifay the .discrepancies be dnc to eiTors of srinding ? 

* It ninst be iiointed out that such a result is not merely surprising but 
eveeedingly disconcerting. Unfortunately, it would seem to presage a 
certain want of trustworthiness in any dissection of crystal -structure 
wliich is not carried successfully to the utmost atomic limits. An extreme 
view to take would be that an X-ray dissection of crystal-structure must be 
completed before it has any value whatsoever. It is to be hoped tliat further 
work will serve to clear up this “ irregularity.” 

Idem, ibid., 1916. [vij, 32 , 60, 505 ; A., 1916. ii, 59;l. 

-* Idem, ibid., 1917, [vil, 33 , 421 ; A., li, 296. 

C. M. Williams, Proc. Boy. Soc., 1917, [A], 93 , 418 ; A., ii, 450. 
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Tilt* fundamental tetragonal cell (Fig. In having the ratio 
(':(<=0‘644, g^ntains two molecules. There are two wav'^ 

ot fnllilling thj^^ condition: one i^^ to centre tin cell, the othei ttt 
centre the ba?ni plane. Neitliei ol these two jios^ihditie-'. 

however, is reconcilable with the experimental data. The ^triic- 
rnre hnaUy offered is that given by Fig. '2 for the metallic at orns. 
[It can be regarded as made up of eight interpenetrating space- 
lattices, each having the proper translation-ratio f:n=:U'644.| A 
clue ‘to the position of the oxygen atoim was obtained from the 
abnormal isLtensitiee of the second-order (OOl )-reflections, which 
point to an intercalation of oxygen atoms in these structural 
planes. The calculated and observed inteimtie- agree very well. 
The original paper gives a picture of the complete stiucture, wliich 
e.xhibits tetragonal screw-axes and enjoys holohedral symmetry. 

General Conchmon ^. — The work of W. H. and W. L. Bragg on 
calcite and sodium nitrate, as well as VegardV work on zircon and 

Fig. 1. Fig. 2. 




xenotime, brings lo the forefront a question of the utmost chemical 
importance, namely, the chemical constitution of inorganic com- 
pounds. The work shows that the if t reach tyn teal fornuilte of 
calcium carbonate and sodium nitrate on the one hand, and of 
zirconium silicate and yttrium phosphate on the other, are just as 
similar as, say, potassium sulphate and rubidium sulphate. Xow 
the chemical similarity of the last pair is sanctioned by “ constitu- 
tional' ' or “valency’’ formulse, but this is not true of the first and 
second pairs. It need scarcely be pointed out that the constitu- 
tional formulas of inorganic chemistry have been largely prompted 
by ideas derived from organic chemistry, and do not take sufficient 
account of ionic dissociation. A certain revision of inorganic 
formulae is involved in the idea of co-ordination, and it appears 
likely that future developments of the theory of co-ordination will 
eventually restore consistency to ‘ valency formulae.” (Are the 
“crystal formulae” stereochemical or are they “stereophysical”?) 



2(^6 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 


Topir-a 

Tlio I’lUKlainental corrertiiess of the eouceptiou of t<^pic-axos was 
involved in Bragg’s demonstration that the refleolioiv angles of the 
isomorphous ])otassmm chloride and bromide have the simple 
relationship demanded by their respective molecular volumes. A 
paper by Tutton-^ is, however, none the less wo*'thy of attention, 
since it deals with the more general cause of the orthorhombm 
system. It is shown that Ogg and Hopwood's-' preliminary results 
prove conclusively that the absolute spacial distance of the rhole- 
cular centres, in crystals of potassium, rubidium, cjesium, and 
ammonium sulphate, are indeed progi’essively increased to the ex- 
tent precisely demanded by the molecular volumes, and that topic- 
axes are therefore a trustworthy measure of relative molecular 
distances in an isomorphous series. On the other hand, it is 
pointed out by Vegard^s that topic-axes are liable to yield a con- 
siderable amount of misinformation in “ morph otropic ’’ as opposed 
to isomorphous comparisons. For example, the morphotropic regu- 
larities, supposed to exist by Groth, between ammonium iodide and 
tefcramethylammonium iodide, have nori'eal existence. This con- 
clusion bears out a warning previously given by Barlow and Pope 
that little, if any, value attaches to an indiscriminate calculation 
of topic-axes. 

A, Ledoux'’^*^ has published a paper on the question whether the 
to 2 >ic-axes of isomorphous mixtures are a purely additive function 
of the composition — whether they are representable by straight 
graphs. The rhombic and monoclinic pyroxenes are selected as 
material, and the already existing data are supplemented by an 
extensive series of new measurements and density-determinations. 
In order to make the most rigid comparisons, it is necessary to 
‘'evaluate'’ the monociinic angle ^ to 90°, and the author gives a 
mathematical solution of the problem. The general conclusion is 
that topic-axes are an additive function, except, of course, in cases 
of donble-salt-formation. 

The Yedency Volume Theory. 

A paper on the law of valency volumes has been published by 
Barlow, 31 who appears to take the view that the truth of the law 

A. E. H. Tutton, Proc. Roy. Soc., 1917, [A], 93, 72 ; A., ii, 244. 

37 A. Ogg and F. L. Hoiswood, Phil. Mag., 1916, [vi], 32, V>1S ; A., 1916, 
“'4^4 rj 7 T L. Vegard, 1917, [viji 33, 419. 

“ W. Barlow and J. Pope, ibid., 1915, [vi], 29, 745 ; A. 1915 ii 407 . 
compare also Ann. Report, 1915, 255. ' > » - , 

30 A. Ledoux, B^aL Soc. franQ. Min., 1916, 39, 232 ; A., i, 496 
W. Barlow, M/n. Mag.. 1916, 17. 314; A., 1916, ii, 22S. 
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lias been establislied by previous work, and tbat tlie law can accord- 
ingly be used as an instrument to probe the crystallographic- 
relationships Sf allied substances. For example, in a series of com- 
parisons between pairs of sulphates, it is shown that two out of 
the three spacial dimensions (given in the form of modified equi- 
valence ’parameters) preserve a relatively constant ratio, whilst the 
third dimension varies as the total valency volume. This i? held 
to lend support to an idea that strata of sulphate radicles and of 
metallic atoms pervade the crystal structure. 

The theory has been commented on in two other papers. Ogg 
and Hopwood““ have subjected the isomorphous potassium, 
rubidium, caesium, and ammonium sulphates to a most thorough 
T-ray examination, and have obtained results which prove that the 
four salts are isotactic. The full working out of the intimate 
details has unavoidably been postponed, but the authors tentatively 
consider the structure is based on a face-centred lattice having the 
ordinarily accepted a;sial ratios a :h : c = 0’5727 : 1 . 0’7418 (potassium 
salt). A brief examination is made of the bearings of their work 
on the valency volume theory. X-Ray data prove, for example, 
that the replacement of an atom of potassium by an atom of CEesium 
liroduces twice the distension brought about by the introduction 
of an ammonium group consisting of five atoms. This result is 
held to furnish conclusive evidence against the general truth of 
the theory. The difficulty of replacing one valency volume by 
seven, without extensive structural derangements, is developed by 
Tutton, 2 (' who points out, in a general discus.sion, that ecpiivalence 
parameters obscure the crystallographic relationship between 
polassium, rubidium, and caesium salts on the one hand and the 
ammonium salts on the other. 

Some }m port<u\t (ill off ni pine lle^iarchf-. 

The monoclinic double seleuates of the general formula 

R,Ni(Se 04 )., 6 Hp, 

in which R=:lv, Rb, Cs, and NH 4 , have been subjected to a 
tborougdi morphological, volume, and optical investigation by 
Tut ion . '*^2 q’P 0 i-esuits confirm all previous conclusions obtained in 
former studies of this well-known group of double sulphates and 
seleuates. It is also pointed out that the crystallographic regu- 
larities of potassium, rubidium, and csesium salts may be referred 
to a regular sequence of atomic numbers in lieu of atomic weights. 

The great value of a crystallographic investigation in doubtful 
i-ases of isomerism is demonstrated by a recent paper by Bennett.^^* 

32 A. E. H. Tnfcton, Phil. Trans., 1917, [A], 217, 199; A., li, 410. 

33 a. M. Bennett, T., 1917,^111, 490 ; ^.,'_i,’_449. 
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It is shown that the a- and iS-Iornis of sodium ferrocyanide aie 
really crystallographically identical. This, of course, «rules out any 
possibility of isomerism. The same is true fov- the reputed 
isomerism of potassium ferrocyanide. 

A more frequent use of the polarising microscope in chemical 
investigations is advocated by Wright,^* who has done .-much to 
improve microscopic methods.^“ The maximum and minimum re- 
fractive indices of a crystal can be rapidly determined to the 
second (perhaps the third) decimal place. The identification of 
sugar-osazones and alkaloids is illustrated by numerous examples. 
The author, however, does not seem to be aware of the existence 
of immense tables (built up on similar lines) by Kley^o and 
Bolland^" — the Reporter came across them accidentally. 

Karandeev^® has added still another example to the list of 
biaxial crystals of proved rotatory power. The new example is 
quercitol, CgH7(0H);j, originally measured by Lewis. The author 
accepts Lewis’ axial ratios and amplifies the description by the 
determination of the correct setting and complex-symbol. The 
optic axes lie in the plane of symmetry, and consequently may 
have different rotatory poivers. This theoretical possibility is ex- 
perimentally realised; for 1 cm. thickness the respective rotations 
for, say, sodium light are —35° and —46°. It is also interesting 
to note that a solution is dextrorotatory. The whole investigation 
is an excellent example of the ejfificieiicy of the most recent goiiio- 
metrical and optical methods. 

An interesting case of racemism and psendo-racemism has been 
investigated by Miss Ivaplaiiova.^^ The active modifications of tlie 
hydrochloride, liydrobromide, and hydriodide of glutamic acid ai-e 
isomorphous with the ^/f-forms of the hydrochloride and hydro- 
bromide, but the c//-form of the hydriodide crystallises in another 
system, and is therefore a true racemate. 

T. Rosicky^o has courageously attempted to unite crystal densi- 
ties and refractive indices in a novel way with a view to compare 
the values of the new constants in isomorphous series. 

A new case of tetramorphism is announced,'*’ namely, that of 
2 : 6-dinitro-p-toluidine. 

= ^ F. E. Wright, J. Amer. Ghem. Soc., lOlfi, 38, 1(>47 ; .1., ii, ,171. 

F. E. Wright. J. ^Yashingto}^ Acad. ScL, 1910, 6, 461. 

P. D. C. Kley, Rec. frav. chitti., 1903, 22, 367 ; .1., 1904, ii, 99. 

” A. Bolland, Sitzwigsber. K Ahad. Wiss. Wien [Abt. II h. (Chemie) 
1908, 107, 671 ; 1910, 119, 275, 1191. 

5® V. V. Karandeev, Bzdf. Acad. Sci. Petrograd, 1915, 9, 1285. 

5® L. Kaplanova, Abh. Rohm. Ahad., 1915, jSTo. 23 ; A., i, 547. 

V. Rosick 3 q Rozpravy hske Akad. Frag. 1911, 20, No. 1 ; A., ii, 433 
E. Artiui, Attl R. Accad, TAmei, 1917, [v], 26, i, 392 ; A., i, 389.' 



CRYSTALLOGRAPHY AND MINERALOGY. 


2:39 


ERtecfcic struct-ures in binary mixtures of organic compounds 
(varying prsportions of camphor and benzoic acid, p-nitroaniliiie, 
p-dibromobeu«ene, phthalic anhydride, naphthalene, acetamide, 
salicylic acid, methyl thiocyanate) have been studied by Efremov.*- 
There are numerous excellent plates. 

An interesting example of eutectic stiucture is that known to 
mineralogists as “ graphic granite This complicated phenomenon 
is being investigated by Fersman.'*^ who has succeeded in deducing 
a laV which governs the relative orientation of felspar and quartz : 
the prismatic zone* of felspar is paiallel to the rhombohedral edge 
of quartz. It is shown that all previous obseivations ht :u with 
this law. The author is preparing a monograph on this interesting 
subject. Graphic granite is probably not a eutectic. 

The linear force of growing crystals is discussed in a paper by 
Becker and Day.^'* It is shown that a growing crystal has the 
power of raising a superimposed weight, provided no other crystals 
(free from weights) are present in the solution. This interesting 
observation receives a satisfactory theoretical explanation ; the 
effect of a load is to incre^-se the solubility of the individual crystal 


A/n\(jf}'opic Liquids (^'Liquid 

A considerable body of literature on anisotropic liquids is to be 
noted. In the first place, a long series of papers has been pub- 
lished by O, Lehmann,^® who is evidently nursing quite a collec- 
tion of grievances and is distressed to find that some of his views 
have been annexed by others without a suitable acknowledgment. 
It IS a pity that the Karlsruhe physicist cannot bring himself to 
write out a calm statement having a low coefficient of irritation, 
for some of us wish to read him. It would also be a heli^ if new 
observations were rigorously segi'egated. On the other hand, a 
judicious estimate of our present knowledge of liquid crystals ’’ 
has been given by Voigt. and the value of his contributions are 
enhanced by a mathematical treatment; but it is to French 
observers that we owe the most interesting developments. The 
notable experiments of C. Mauguin (who at present ” is gloriously 
carrying out his duties in the trenches which defend the approaches 

N. N. Efremov, B^dl. Acad. ScL Retrograde 1915, 9, 1309. 

A. E. Fersman, ibid., 1211. 

** J. de Lapparent, Bull. Soc. fran^. Aim., 1917, 40, 111. 

^6 G. F. Becker and A. L. Day, J. Geol, 1916, 24, 313. 

« O. Lehmann, Ann. Physik, 1915, [iv], 46 , 832 ; 48 , 177, 725 ; 1916, 
51 , 353; 1917, 52 , 445, 527, 541. 

W. Voigt, Physikal. Zeitsch., 1916, 17 , 76, 128, 162, 305. 
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to Xaucy \veie debciibed in tlie 1914 Repoit A= er'i*lv a-, 
1913 Mauetiiii’^ made tlie obr^eivalion t.hat liqtiid- cry=;tal‘^ or 
azoxvaiusole take up a de^mte oneiiiation or a cleavage Muiace or 
riica (n.u<=covite) , a -imiiai obsexvation was mdepeuciently made 
bv ‘ Captam-or-Aitiileiy Giaacljean Vvlio extended the ob&ei Na- 
tions, and lia^ lecently bionglit their to the puhhcatieii -ttge 
The expeiinieutai inateiial consisted or ten oigaaiic stibstance^; and 
the lolloNving mirerak oipimeiit biendc phlogopite biacte t^h 
pvxophylhte muscovite, iock-=alt, -ylviue and leadhJhte Ifie-k 
clea-vage^: must be used Regulai oiientat’on-" iveie Cbtained ni 
niuetv ca'^es out oi the possible hnndied iii some case? the oiieiita- 
iicn 15 independent of the tenipeiatiue iii othei ctse- it changes 
eithei discontinuously or coiitiniiou=ly with the iempeiatine The 
coiitinnons variation piove? that the ]) opeity is not iiecessaiilv 
due to an alignment of the moleculai axes or the liquid on a ro\' 
of structural pai tides in the ciy-tal-latt.ce but is an eqiulibnur 
pionerty of a more geneial capillarv nature The attthor belieNe" 
that the ohseivatious point to (what the Repoitei leads to be^ 
action at a distance 


M> >'C, (tlod'Tll f'l , ?// u/j // 

A valuable papei on secondaiy cniichmenl de'.eiv" tbo 
general attention of mineralogists It := well knov n th,-t tli ■> 
suitaee oxidation of coppei oies gives use to coppei and non 
si4lphate> , the lartei i= lapidly hydiolvaecl to liydi oxide and tlie 
hbeiated ''Ulphuiic acid and coppei sulphate peicolate thiough the 
unoxidme I oie and cause a secondaiy enrichment The inoblem- 
of secoiidaiy emichment aie of gieat diemical mteie?t and oi con- 
sideiahle ecouoi. ic impoitaiice, and aie being extensively studied 
in Ameiica riom all points of view A leceiit papei hv Zie'-, 
Allen, and 3Iervin"' thiows much light on the chemical change- 
nr, olved The action or acidiSed aoiutioiis of copper sulnhate on 
rediuthite t'li,^^, ^ovellite Cu*^, ciubescre, Cu-,FeS-,'>- chalt u- 
liyiitp CnPeSj ]>yiihotjLte FeS-/.s jmite^ FeS blende, Zn's, 
and galeim, PbS was lUvC'.tigated at tempeiatuie'' up to idi)- with 
a piopei equipiuem or ,>urocla\e- ^ In mo-t ca-es the lea' (a- 

Lbesjrb'ntial Addic-s J3>iU bnr . ffr/, / J/-„ lOlj 38 ~> 

C Mdugum CoMfif r(j’d 1913 156 , 1246 
"0 F Giandjean n^d7 Soc pa,.Q Ml-i 1916 39 164 A v, 4.';i /hid 
1917 40 69 

E G Zie- E T Allen, and H E Alei",!!!, Eto/iorhtc Gfoloa / 1916 
11 407 A n 91 ^ 

^2 E T Allen, Avre; J Set 1916, [iv] 41 , 409 A 1916, ii, 391 
=2 G IV Morey, 7 Waihtnqfon Acad Set , 1917, 7, 205; A , ii, 305, 
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oppob-ecl to “ descriptive ) chemical equations have been deterinmed. 
Thus the alteration of pyrites to ledruthite is strictly according to 
the equation : , 

oFeS, UCuSOt + 12H..0 = TCiuS -f oFeSO^ + 12FFSO^. 

The general effect of copper sulphate solution is expre-sed as 
follows ; chalcopyrite — covellite — > redruthite, which i-^ very 
stable at the ordinary temperature, and even at 200'^ :s only trans- 
formed very slowly into copper and sulphuric acid. Secondary 
reactions b«gin to 'play an important role at high temperatures ; 
thus cupric and ferrous sulphates are partly transformed into 
cuprous and ferric sulphates, and subsequent hydrolysis may give 
haematite. Fe^Og, cuprite, CmO, and metallic copper. Cuprous 
sulphate is more reactive than cuiiric sulphate. The general effect 
of free sulphuric acid is to retard the formation of cuprous 
sulphate. 

The much vexed question of the various forms of calciiim 
carbonate has. perha’ps, received a final solution at the hands of 
Johnston, Merwin, and AVilliamson.^ These authors conclude from 
a critical survey of previous investigations, supplemented when 
necessary by new observations, that the only real forms are calcite, 
aragonite, and a new form, p-calcite, which is not very stable in 
presence of water. Further, there is a definite hexahydrate. 
Four rejiuted forms are considered to be superfluous : vaterite is a 
porous calcite, conchite and ktypeite are porous aragonites, whilst 
lublinite has been definitely proved by Quercigh to be a 
“variety ” of calcite. Under ordinary pressure, calcite is the stalile 
form at all temperatures. Aragonite changes pseudomorphously 
into calcite at rates which increase with the temperature, the 
change being almost instantaneous at 470°; it also changes more 
or less rapidly in presence of water — at 100°, two weeks aie neces- 
sary. There is, however, indirect evidence for a reversible trans- 
formation at — 100° (private coininunication of R. C. AVells). The 
preparation of //.-calcite is not a suitable lecture exjieriment. It is 
best obtained at 00°, and is always contaminated with calcite and 
aragonite; D"2'n4 or higher; /ti = l‘55, /rj~l'65. -System, 

hexagonal. The hexahydrate is monoclinic; 2E=^T2°±3°; a=- 

I 460, /3=:] -035, 7 = 1-545. 

The role of inorganic agencies in the deposition of calcium 
carbonate has been discussed by Johnston and Williamson. 

J. Johnston, H. E. Merwin, and E. D. Williamson, Ainer. J. Sci., 1916, 
[iv], 41 , 47:1 ; A , 1916, li, 433. 

E. Quercigh, Bivlsta Min. Grist. Ital., 1916, 44 , 65. 

sfi J. Johnston and E. D. Williamson, J. OeoL, 1916, 24 , 729 ; A., ii, 213. 
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W, F. Hallimoiid lias published a studj? of the crystallography 
and dehydration of the complex copper uranyl phosphate, 
torbernite, Cu(U02)2(P0i)2,8H20. The most probgtble axial ratio 
is c :a = 2‘974 ; there is no weighty crystallographic evidence against 
the system being tetragonal. The jjf-dehydration curve of 
torbernite — ^ meta-torbernite I (the change is irreversible) was 
mapped out in an ingenious manner. The author has observed 
that loss of water is confined to the edges or pyramidal faces of the 
crystals, and he makes the interesting suggestion that loss of water 
through the basal jilane is prevented by the high reticular density 
in this plane, demanded alike by perfect cleavage and the high 
value c:a. 

Mention must be made of a “paper’* of 1200 pages by Wash- 
ington,''^’^ in which all igneous-rock analyses published in the period 
1884 — 1913 are critically discussed. 


Thermal Studie-'s of Mhtei'al ^sterns. 

As mentioned in the introduction, the thermal studies of mineral 
systems, undertaken especially hy American workers, are already 
leading to important practical conclusions. It must be noted that 
attention is no longer confined to anhydrous systems. A most 
comprehensive investigation of the system -irater-poiasf^iiim meta- 
dlieate-siUca has been undertaken by Morey. The Reporter must, 
state quite frankly that he has not yet succeeded in reducing the 
results of this investigation to a moderate compass; so, for (he 
present, he asks leave to proceed to some anhydrous systems. 

Binary Sysiiem, Soda-nephehne-Potadi-nepheline, (Na,K)AlSiO, 
— For the essential details of this system, consult the abstract.*'** 

Byatem, Iron~0 cyyen . — The portion of this system which relates 
to the important minerals haematite, Fe^Oj, and magnetite, Fe^O^, 
has been subjected to a remarkable experimental study by Sosman’ 
and Hostetter,6i ^vho have determined the pressures of oxygen (due 
to dissociation) in a specially constructed vacuum-fnniace. A 
series of measurements was carried out at 1100° and 1200°. The 
dissociation pressures are quite small; thus at 1100° the pressure 
IS 0-37 mm. over hematite and <0-005 over magnetite 
The .change 3 Fe 203 0 -t- 2 Fe 30 , is proved to be reversible, for 

-I 1916, 17 , 326 ; A., 1916, ii, 258 

- r' w Professional Paper 99. 

A., iCsTO C/iem. Soc., 1917, 39 , 1 173 ; 

r f 115 > iL 178. 

A., ^ostettev, J. Amer. Chem. Sac., 1910, 38. 807; 
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idenlyical oxygen pressures are obtained indifferently by oxidation 
of magnetit® or by dissociation of pure ferric oxide. The two 
oxides form ^ continuous series of solid solutions. Further work 
by the same authors®- shows that ferric oxide exhibits a small but 
measurable dissociation when heated in air at 1100 — 1300°, and 
that the, amount of dissociation increases with the temperature. 
Again, the equilibrium relationships of hgematite and magnetite 
have been probed by a determination of the magnetic suscepti- 
bility of a carefully analysed series of natural and artificial pro- 
ducts. Tbis susceptibility is roved to be approximately propor 
tional to the ferrous oxide content. Finally.®'^ the interesting 
observation was made that certain crystals of hsematite from Elba 
exhibit a zonal structure, in which magnetic susceptibility goes 
hand in hand with the amount of ferrous oxide in the various 
zones ; the authors’ researches indicate that such variations can be 
readily interpreted as due to fluctuations of temperature and 
}iressure during crystal growth. 

Ternary System, CaO-AhOg-MgO .'’® — Consult abstract. 

Ternary System, Diop'=i^de-AJl>iie~Anortli}feS-^' — Bowen’s experi- 
mental study of the equilibrium relationships of these three com- 
ponents derives great importance from its high petrological signifi- 
cance ; although it is true that pure substances were advisedly 
employed (whereby the system becomes less complicated than the 
average natural rock system), yet the results obtained can safely 
be held to present the main features of the natural history of 
basalts and diorites, and, wdth proper prudence, may even be 
applied to the elucidation of more remote problems. Of the three 
binary systems concerned, the plagioclase series of solid solutions 
(albite-anorthite) has been described in a previous Keport.®'^ Diop- 
side and aiiorthite present an ordinary eutectic at 1270° (42 per 
cent, aiiorthite) ; finally, the position of the eutectic diopside-albite 
(about 97 per cent, albite) could only be obtained by extrapola- 
tion, owing to the sluggishness of crystallisation of albite fusions. 
The ternary system was explored by the quenching method,®® and, 
as is only to be expected from the existence of continuous solid 
solutions of plagioclase, does not present any absolute ternary 

<T. C. Hosletter and R. B. Sosman, J. Am&r. Ghcm. Soc., 1916, 38, 118; 
.1., 1916, li. 440. 

R. B. Sosman and J. C. Hostetter, Bull. Amer. Inst. Min. Engineers, 
1917, 907. 

Idem, ibid., 933. 

G. A. Rankin and H. E. Merwin, J. Amer, Chem. Soc., 1916, 38, 56S ; 
A., 1916, ii, 249. 

«8 N. L. Bowen, Amer. J. Sci., 1915, [iv], 40, 161 ; A., 1915, ii, 694. 

8’ Ann. Report, 1913, 254. Ibid., 1914, 253 
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eutectic. This disposes of a whole mythology of neolithic 
antiquity. The results are conveniently embodied in the usual 
equilateral diagram (Fig. 3), reference to which will facilitate a 
discussion of the course of crystallisation of two typical mixtures. 
The composition of the first mixture (50 per cent, diopside, 25 per 
cent, albite, 25 per cent, anorthite) is represented by th^ point F. 
The dotted isotherms indicate that crystallisation begins at 1275°, 
and, as pure diopside separates, the composition of the residual 
fubiou moves along the line FG until the boundary curve dicq)- 

Fig. 3 



side-plagioclase is reached. Further cooling is now signalised by 
the appearance of plagioclase (and, of course, more diojiside), the 
composition of the plagioclase, as deternimed experimentally, being 
AbjAiq (the point 11 of the diagram). Any subsequent cooling 
leads to a simultaneous separation of diopside and a series of plagio- 
clases — richer and richer in albite; contemporaneously, previous 
generations of plagioclase crystals, if sufficiently minute, will dis- 
solve progressively, but, on the other hand, they may be protected 
by a zonal coating of material having an equilibrium-composition, 
and in that way survive. Under ordinary conditions (that is. 



CRYSTALLOGRAPHY AND MINERALOGY. 


245 


when 'protected by zoning), llie final composition of tlie last trace 
of Ii({nid lies .at some point on the boniidarv curve beyond Jf. but 
under idea! cotiditions the last soliditication would be at M. 

The second type of mixture is that in which plagioclase is the 
first to crystallise. A mixture, E (10 per cent, diopside, 90 per 
cent. Ab^^Aiigo), begins to crystallise at 1480°, with the separation 
of Ab-Aiig-, and the composition of the liquid follows the curve 
EK . The path of such curve is no light matter to determine, but 
an ifigenious combination of isotherms and ‘isofracts” (curves of 
equal refractive irJdex; note: refractive index determines the 
chemical composition of a mixture) was found to suffice. At the 
point A (1245°) diopside begins to appear, and the subsequent 
course of crystallisation is similar in principle to that described 
above. 

Relying on the above investigation and on similar researches of 
precision, already noted in these Reports, Bowen jiroceeds to a 
masterly discussion of the problem of the origin of igneous rocks 
in general. He show^ that there is no necessity to postulate either 
the existence of a number^ of magmas or the differentiation of an 
oiiginal magma into two or more immiscible fluids prior to crystal- 
lisation. On the contrary : an originally basic magma will, on 
cooling, give rise to a series of minerals ranging from ultra -basic 
to ultra-acidic; moreover, a sinking of relatively heavy crystals 
supplies just that soi ting-out proce.ss which is needed for the forma- 
tion of rocks of such different types as peridotites, basalts, diorites, 
granites, and syenites. Bowen’s arguments are punctuated by a 
wealth of field evidence, chiefly collected by American geologists. 
Ill a later paper,^^ he examines the question as to the origin of 
mono-mineralic rocks, especially the anorthosites, which have been 
observed in immense masses in the Adirondacks and in the Morin 
District of Canada. Two truths are pretty obvious from the 
diagram (Fig. 3) : (1) a copious crystallisation of plagioclase can 
only occur after a large proportion of pyroxene has separated, and. 
jiresumably, sunk by virtue of its high density; (2) when plagio- 
clase crystals have separated in quantity, there is hut little residual 
liquid, and it would seem that the magma should now be too viscous 
to penetrate surrounding rocks in the form of dykes. Field 
evidence does, in fact, demonstrate the absence of intrusive out- 
liers from the main mass, and also that the adjoining syenites are 
due to a later stage of crystallisation. 

N. L. Bowen, “ The later stages of the evolution of igneous rocks ” — 
issued as a supplement, and bound with, ,7. Gaoh, 1015, 23. 

N. L. Bowen, ibid., 1917, 25, 209. 
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(Jrifbtal Growth too] Dibsolution . 

Stohilif// uf thr Phinf St// hd't oil (/ Grniriiui Un/t^l/d. 

General observation of crystal forma warrants the conclusion 
that a plane-faced polyhedron represents the natural boundary of 
a growing crystal. The conclusion derives support from numerous 
experiments. It was early observed that when an artificially frac- 
tured crystal is placed in a supersaturated solution, it grows more 
quickly at the fractured part, and the common statement is that 
it gradually takes up its original iorm. Most diverse observations 
on this jDoint are recorded by Rauber,"^ who was so struck with 
the inherent powers of a ‘ mutilated crystal to heal itself that 
he was led to propound the theory that crystals are controlled by 
vital forces. Rauber's studies were purely qualitative. Tiater 
investigations in this interesting province we owe to Artemeev,'- 
who by the help of the two-circle goniometer checked the ’■ heal- 
ing ■’ process with exact measurements. The method adopted w'as 
to grind a crystal hemisphere of 5 or 10 eim. diameter and cement 
It to a corresponding glass hemisphere. The composite sphere was 
then suspended in a slightly supersaturated solution, taken out 
from time to time, and examined on the goniometer. The systems 
studied were cubic, monoclinic, and anorthic. The general 
behaviour is as follows. In the first period of growth, the sphere 
exhibits a number of glittering spots (on the goniometer) corre- 
sponding with the most important faces. The rest of the surface 
remains matt, but later becomes covered with tiny crystals in 
parallel position, each of which contributes a part to sharp gonio- 
meter reflections of the important forms ; simultaneously, reflections 
corresponding with less important forms appear as glimmering- 
points. As growth proceeds, the less important faces disappear, 
the tiny, parallel crystals coalesce, and the final result is a hemi- 
crystal wholly bounded by common faces. Artemeev’s method is 
likely to receive considerable attention on account of the valuable 
light it throws on other problein.s. Thus, inasmuch as the transi- 
tory faces often include general forms [hki], the class of symmetry 
may be elucidated ; for example, in the case of alum, the form 
[210j' is hemihedrally developed as the pentagonal dodecahedron. 
Again, the method might be einjiloyed wdth advantage whenever 
the natural crystal fails to develop those facets which are necessary 
for a full calculation of the axial ratios. 

A. Rauber, ‘‘Die Kegeiieratioii der Kiystalle,'’ 1895-1800. 

•- D. X. .Arteineev, Zeitsch. Kryst. Min., 1910, 48, 417; A., 1911, li, 24. 
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77/ Curvet} Sin turr^ of u Di'-sulvnuj Cri/t^fu!. 

Experiiuentai atleiilioii to tins question appears histoiically io 
have passed through three well-defined phases, namely: (1) etching 
studies of crystal-faces; (2) observations of the successive forms 
assumed by a sphere when subjected to an all-round action of a 
dissojvant; and (3) investigations of the alteration of form brought 
about by a reversal of the growth process owing to the action of 
slightly unsaturated solutions. Observations belonging to the first 
and second class are largely coupled with the use of ‘ chemical 
dissolvents.” In recent years, we owe much to the work of 
Y. Goldschmidt^^ and his co-workers. Thus, extensive investiga- 
tions have been made on the etching of both natural crystals and 
spheres of calcite by means of phosphoric, hydrochloric, nitric, 
formic, and acetic acids. The sphere is first etched in tracts corre- 
sponding with those natural faces which are especially prone to 
attack, namely, /'{lOO}. and /{Til]. A total disappear- 

ance of the etch-figures marks the next stage; the entire surface 
becomes affected, the 2>oIe.s^oi the above-mentioned faces becoming 
most sharply pronounced corners of curved faces. This emphasises 
the inverted relationship of growth and dissolution. As solution 
goes on, these inversion-corners shift slightly (but their movements 
are in accordance with crystal-symmetry) until at last a final 
form ” is reached which dissolves without change of shape. The 
final form appears to depend, first, on the original form of a natural 
crystal (not, of course, if a sphere has been ground), and, secondly, 
on the acid used and its concentration. In any case, it is wholly 
bounded by curved faces. Similar results were obtained with zinc 
lilende.'^'^ The above investigations have throwm much light on the 
manifold corrosion forms exhibited by natural crystals of the 
diamond.'^" 

Results in substantial agreement with the above have been 
obtained by Schnorr™ in his study of the dissolvant action of 
slightly unsaturated, solutions of sodium chloride (containing carb- 
amide) on crystals of rock-salt. The first action is to bevel the 
<‘ube edges with the form [//A-Oj; the value lijfc changes pro- 
gressively. The cube-corners are then modified by faces of the 
icositetrahedron {7iM}, which reduce and finally extinguish the 
[//A'O} forms; the value hji depends on the degree of unsaturation 

’3 V. Goldschmidt and F. E. Wright, Jalab. M^n. JBeiL-JSd., 1903, 17, 355 ; 
18, 335. The first paper contains a copious bibliography of earlier work, 
including ordinary etch-figures. P. Hochschild, ibid., 1908, 26, 178. 

A. E. Fersman and V. Goldsclimidt, “ Der Diamant,” 1911. 

W. Sehuorr, Zeitsch. Kryst. M^n., 1915, 54, 289 ; A., ii, 469. 
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of the solution, but in case [hkli] rcpre^ciit'A the linal form. 

The behaviour of a sphere is very instructive Etch -hollows first 
appear on the octahedron-poles ; then <’oriiers of llie i<‘osilelrahedron 
ajjpear at the cube-poles, the final form being the icositetrahedron. 
Numerous experiments with solutions containing different amounts 
of carbamide proved that the final form obeys Goldschmidt and 
Wright’s ‘'law of polarity”; the corners of a dissolving crystal 
correspond with the face-poles of a growing crystal. 

Curie's Capillarity Theory. 

Acording to Curie's theory, the most stable form which can be 
assumed by a crystal as a result of capillary forces is that for 
which the total surface energy is a minimum. Each crystal face 
has its specific capillarity constant, measured by the work involved 
in increasing the extent of the face by the unit of area. If we 
denote the areas of the various faces by S^, S 2 , and the 

capillarity constants by * 1„ .do, A,, , . ., then the stable form of 
the crystal will be that for which -f .1 o-S'o -f . . .) is a 

minimum for a given volume. It will Jie clear that a knowledge 
of these capillarity constants would enable us to predict the form 
of a crystal ; for example, in the case of a cubic crystal like common 
salt, in which the cube and octahedron faces are frequently 
observed, the crystal could alternatively only develop cube ^r octa- 
hedron faces accordingly as in < 1/ or >\/3. An 

attempt was made to determine the constants for common salt by 
measuring the angle that the edge of a drop makes with .the face 
oil which it lies,^^ such angle being supposed to be related to the 
capillarity constant b}’' a formula given by Gauss. Although the 
value.s fluctuated considerably for different specimens, they appeared 
to demonstrate the existence of capillarity differences; moreover, 
the relative values cube ; octahedron were reversed by addition of 
a sufficient amount of carbanaide, the presence of which is well 
known to favour an octahedral development. These results, how- 
ever, were unfavourably criticised by Pockels.'^® 

Curie’s theory acquired considerable notice from its inclusion in 
Ostwald’s '"Lehrbuch.” The theory demands that large crystals 
must grow at the expense of small ones in favourable circumstances, 
as, for example, when the temperature is fluctuating slightly. The 
question whether small crystals are the more readily soluble was 
investigated by Hulett,®® who determined the sparing solubilities 

P. Curie, Bull. Soc. fi'anQ. Min., I 8 S 0 , 8 , 143. 

S. Berent, Zeitsch. Kryst. Min., 1896, 26, 529. 

P. Pockels, Nafurwiss. Rundschau, 1899, 14, 383. 

G. A. Hulett, Zeit.’^ch. 2 diysihal. Chew., 1901, 37, 385 ; A., 1901, ii, 493. 
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involved in tlie cases of gypsum and barium sulphate in terms of 
electric' conductivity. For the former substance, he was able to 
demonstrate a temporary exhaltatioii; particles having approxim- 
ately a radius of O' 0003 mm. gave a solubility of 18‘2 millimols. per 
litre, whilst particles with a radius of 0'002 mm. gave the normal 
solubility of 15'33 millimols. Similar results were obtained with 
barium sulphate. It is important to note how small must, be the 
crystal particles in order to obtain differences of solubility, owing 
to surface tension. 


Ft'latirr of Growth. 

Crystallograp'hically, Curie’s theory first accpiired something 
more than academic interest when Wulff^^ published an important 
research on the relative velocities of growth of crystal-faces, that 
is, the relative rates at which each face advances from the centre 
of the crystal. The substance selected was Mohr’s salt, 
(NH 4 )oFe(S 04 ) 2 , 6 H 20 

(monoclinic), and the ‘‘follo'wing rates of growth w’’ere determined: 
(201) = r00, (110) = l-96, ^(001) = 2-25, (111) = 2'50, (Tll) = 2'64, 
(011)=2'77. Accepting Curie’s theory, Wulff essayed to go a ste2> 
further by offering a proof that these relative velocities of growth, 
which can be easily determined, are, in fact, jDroportional to the 
capillarity constants. It was, however, pointed out by Hilton 8- 
that the method of proof was faulty ; a rigorous proof was advanced. 
Another proof has been given recently.^s Now, Wulff adopted the 
view that the truth of the theory was established by his work ; but 
Friedel®^ has recently pointed out that Wulff obtained the same 
results with crystals of different habits, and this shows that a dis- 
torted crystal does not tend to approach an ideal form. Fastert’s 
observations on the growth of common salt jioint the same way. 


'Relative Velocities of Dissolvtion. 

Exjieriniental determinations of rates of solution can, from the 
nature of the case, never be exact. The faces become pitted 3 the 
edges round off; the crystal altogether fails to preserve the clean- 
cut edges and plane faces characteristic of steady growth. Wulff 

•“j (t WnU'f, Zeilseli. Kri/ftf. Mir,., 11)01, 34, SS.l, The work appeared in 
Bubsiaii in 180.*). 

82 H. ILlton, Crntr. Min., l‘)0l, r>7;}. Also fonsnli his ^ Arnihernatie.al 
Crystallo^o’aplij 1003, lOo. 

83 H. Liebniann, Zeilseh. Krij.'^L Min., 1014, 53. 171. 

8 1 G. Fi’iedel, J. Ohivi. pJn/s., 1913, 11 , 478 ; A., 1913, il, 844. 

85 G. Faafcert, Jahrb. Min., Beil.-Bd., 1913, 33, 265. 
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found that all faces of Mohr’s salt dissolve at the same rate. 
Kerbs,®® however, found different rates for a few substances (especi- 
ally potassium ferrocyanide) out of a much larger nhniber investi- 
gated 

Have Crtjdal Faces Different Sohihihfi€<‘’ 

The assumption that different faces have different solubilities is 
really involved in Curie’s theory, for without the assumption.it is 
impossible to conceive how a distorted crystal can assume the true 
equilibrium form (with minimum surface energy) when suspended 
in a saturated solution unless certain faces dissolve whilst others 
grow. The earlier attempts to settle the question were indirect 
and have led to nothing but controversies. Le Blanc was the 
first to point out that the only satisfactory way of deciding the 
question is to see whether it is possible to realise such a concen- 
tration of solution that one face of a crystal grows whilst another 
dissolves. Experiments on the '‘'prism” (which prism?) and 
cleavage pinacoid of potassium dichromate wiere cautiously held to 
be inconclusive. A notable research by Valeton®® appears to be 
decisive. A solution was made to circulate through two vessels 
(held in separate thermostats), one containing the crystal under 
examination, the other containing a supply of solid solute. The 
relative temperatures of the two vessels could then be varied ever 
so slightly, so as to cause growth or dissolution at will. Growth 
or dissolution was detected by examining the crystal on the gonio- 
meter; a growing crj^stal gives sharp reflections, a dissolving crystal 
a band of reflections. The thermostats could be held constant to 
0'001°. An increment in the temperature difference of the two 
vessels amounting to 0'003° was sufficient to transform unmistak- 
able growth into unmistakable dissolution. A long series of ex- 
periments proved that it was not possible to obtain conditions at 
which cube or dodecahedron faces of alum dissolve whilst octa- 
hedron faces grow. The crystals investigated varied between 2 
and 20 mm. in diameter. 

A. Ivorbs, ZeitseJi. Krtjbf. Mm,, 1907, 43, 433. 

M. Le Blanc and G. Elissafov, Ber. K. Sdehs. G'e.s-. I17.S-S., [Maih.-Pfu/s. 
Klasse], 1913, 65, 199; A , 1914, ii, 268. 

M. Le Blanc and I. I. Andreev, Zcitsch. phijsiknl. Ghem., 1911 77 

635. 

J. J. P. Valetou, Ber. K. ScicJi.‘i. Geft. IFiss., ^Math.-Phys. Klasae^ 1015 
67, 1. 
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Therm ody namic Deductions. 

In liis woi’K, On the equilibrium of heterogeneous substances. '' 
and some years before Curie published his theory, G-ibbs deduced 
that A + 10*^2+ ' • •) ^ minimum value for constant 

volume; but he went further, and made the deduction that the 
tendency of a crystal to tohe up the eqvdibruim form is inversely 
proportional to its linear dimension.'^. In an interesting discussion 
on crystal growth, he adds : On the whole, it seems not improbable 
ihat the form of very minute crystals in equilibrium with solvents 
is principally determined by the condition that . . .) 

shall be a minimum for the volume of the crystal, but as they grow 
(in a solvent no more supersaturated than is necessary to make 
them grow at all), the deposition of new matter on the different 
surfaces will be determined more by the nature (orientation) of the 
surfaces and less by their size and relations to the surrounding 
surfaces.” 

The connexion between capillarity constants and solubilitiet. has 
been discussed by Berthoud.*^® Thermodynamic conditions of 
equilibrium are studied b^ Valeton and by Friedel. The latter 
concludes that “Curie's theory is applicable to liquid crystals, if 
such crystals exist.” 

T. A’'. Bahkeii. 

s" J. W. Gibbs “ Scientific Papers,” 1, 3:J0-:)20. 

A. Berthoud, J. Chim. phys., 1912, 10, 624 ; A., 1913, ti, 305. 
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